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FOREWORD

This report was p.-epared by Stdndard Pressed Steel Cc., Jenkinton,
Pennsylvania. under United Stptes Air Force Contract No AF 33(616)-3646.
This contract was initiated under Project New. 1318; T;.tk NO. 1 ý444. Th,
work was administered under the direction of the Special F-oiejei Brant h,
WCLSJ-3, Aircraft Laboratory, Wright Air Development Center with Mr.
A. B. Nutt, Branch Chief, Mr. 3. W. Evans, Section Chief; J,,'t. F. A.
Hannon. Project Engineer.

1-ji report covers tie period of work from April Z, 1956 to February
I1. " 05..
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ABSTRACT

The object of this project was to establish the tension -terisiur. fatirz!4 Drc
F,* i ie 'of soi ernzi threads witbotd: the influence of Itree-s concentrations re-
aItmiig from engagement; and further, to compare the fatigue characterii~tics
of bolts to those of unengaged threads. These comnparisons -mere to be made
on parts heat trotat"d to two strength Ilevezs, 160, 000 psi and 220, 000 psi.
Ala. fz-ig,. prop~aiiesv ol the uighcr w~erigth parts with thread roots to

IL.-B-7838 arnd high radius thread roots were to be compared.

A stud -with a reduced diamreter 1hrdesdcc section in the center was de-
veloptd to evaluate, thee fatigue characteristics of tmnefgaged threads. The
bolts used to determinne the fatigue properties of engaged threads conformed
to )AS 20004 tee and SPS EW5 ZZ dirsineions. The nuts used were SIPS
42 FW and SFISS EWN 22 type w-thout slots or locking actionl. Fatigue tests
wcre also run using standard @elf lockin~g ail met-al nu~ts anda those with . non-
ntlta!lh~!c ; clemnert

S-N tcnsion-tert.aon fatigue curveA were developed on studs and bolts
"!rat! reate!V-- U.0, CýC p. nid 22O. -5ý pat. These *ere made from the
fq1llcwing maLteriala. AISI 9740, AISI 6150, AISI 4340. Hy Tuf hnd Vascojlet
1000. The test thr-ad diameters ranged from 11!4 inch to one inrh

Thr-eads were formed by each of these rr.-tt~ods. cutting, grinding and
7Urgafter neat treaer-eca. Teasts &,ere ru~n o.. both studs and 'jolts with the

eb ad, root tscl;i conformiung to MIL-B-78J.$ anid with high radius threAd roots.

All bolts were cadmium plated. The studs were tested with and without
plating. -r6c ýensiion-tenuion fatigue tests showed:

1. The tatigue strength of unengaged threads is I ' /4 to Z 1 /2 nines
greater than the engaated threads.

Z. By imcfeasring the material strength from 160,000 psi to 220,000 psi
(1. 4 times) the, fatigue strength increases 1. 2 to 2. 8 tinies.

3. The fatigue strength of I~ht high radius thread is 1. 4 timret greater
tman the MIL-E-7S3S thread,

4. All metal locknute yield higher bolt fatigue strength th.'ir those with
non-metallic: locking elerm-ents.

S. Pi~.ting reduces the fatigue strength of threads about ISV
6. Tbe fatigue strength o! unengagsd threads rolled after heat treatment

-11 1. to ., t.miiafi greater than cut or ground threads under simiular
conditionsr.
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SEC TICo I

INTRODUCTION

Rapidly increasing speeds of aircraft-and missile: iemnazad increased
static and dywarnic properties per pound of material. Th•i .. ,._cv. -y

!;a gaue..d by three different methods.

A. The devegopme-'t of alloys with higi'er strength-to-weight rbosi.
b. Thd development of processing methods to attain increased pro-

perties from eeating alloys boat treated to higher etzengith,.
C. The design of parts to utilize an increased percentage of the in-

herent properties of the alloy.

At tle. present time progress Is being made to develop alloys with
greater strength-to-weight ratios. The titanium alloys presently being
used are a step in t!hie dirr-con. New aioys of both titwniurn and other
elements are being developed, but these wrill reqoire time to evaluate and
further develop for commercial applicavons.

While this alloy developornt progresses, techniques of processing to
increase the strength-to-woxght ratio must be continued. in this manner,
ev.-. greater improvement may be achieved wiith the usp -f Obe ne-A alloyo.
Two of the ir.prove.-nents realized in recent years through fabric'ation pro-

cedures a.e increased strength and fattigue life. These have resulted 14ronm
the seiection of existing materials which have l ,gher strength with g'3od
ductlitty and the development of production methods to produce threads on
hardened alioys.

Aaontional gains in the strengtii-to -weight ratio can be zchieved by
utilizing designs whach provide an increased percentage of the iný.erent
properties of the alloy. Studies of the stesso distribution in structural
elements have disclosed points of high stress concentration located in

areas where the strese h"d been estimated to be at a minimrnum. In other
instances, it has been known that stress ezn, - : ý" d . ui their
effect has nevet been determined. Design criteria developed ftorn these
studies will be applicable when new alloys and fabrication techmuues are
developed. Thus, an additional gain in the strength-to-weight ratio may
be realized.

Since threaded fasteners are used in rn&ny applications on aircraft.

a test program was established by the Aircraft Laboratory, Wrf-_ht A.-:z
.- •Center, to determnine some of the dynamic properti•es of

threaded Lasteiers. Basically, the object of the project wa@ to determaine
the tonslon-tension fatigue characterlstics of:

a. present high atrength aircraft bolts

Manuscript released by authors isxuz-y 19598 Lur publicadon as a WADC

Technical Report.
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b. unengaged threads
C. the high radius thread form
d, plated threads
e. cut threads
f. gro0und thresda

The tolts toeted were heat treated to 16.000/110, 000 and 220, OOf
Z40. 000 pmi. TIhe studs with uneagaged threads were abr~icuLed t.- the ma-ne
strength levels. The thread forms tested were fabric&ted in ac.ordance
with L4IL-R-7TSJ and with high radius threads. These threads were tested
on bolts in conjunc•on with nuts and on stutis so designed that the threads
were not engaged.

AICT-- 5 8-3Z6



SECTION U

TEST PROGRAM

"This test program wasn set up to evaluAte the static &ad dynluaic chrac-
terietics of threads. Comparisons were made between the tensica-tensin
fatigue strengths of threaded aisemblies &ad ur.engsed rnale threads. Threaded
parts 1/4 to one inch diameter were tested. The throadis were produced by
a single rolLing operation on studs and bolts heat treated to 160, 000/180, 000 psi
a-d ZZO, 000/140, 000 psi. In addition, an ev•aluation was made of the fatigue
strength of unengaged male threads produced by cutting and grinding. A com-
parison of two modifications in the MIL-S-774Z thread for.-. which consisted
of different size radii in the thread root, were conducted on the high strength
parts. Since alloy steel bolts ape •-,,•-o-ly ca d.,'i, plated jor corrosion re-
sistance, the effect of this coating on the fatigue Life was determined.

Bolts were fabricated to standeard configurations. Al, metal nuts were
used in determining the static and fatigue properties of the bolls. Additional
tests were ccnducted using all-metal and non-metallc insert locknuts to
determine if the.-e was any difference in the fatigue life of a threaded asaernt,
duc z, lie cesign oi the locking element of the nut.

itte fatigue properties of uae.ngaged male thtueads were determined on
studs which had the test thread located in the center. The goal of the stud
design was to develop a part wruch would fail in fatigue near the center of
the male tes" tireaj. Thus the .1-Xenic ul stress concentrations resulting
from nut engagemrent cnd hread t-_rmtnation could be eLinLirnated. ieve.
it was not found possible to completely eliminate the effect of thread r-o;out.

The bolts and studs heat tr-ated to !60. 000/180, 000 psi were fabricated
from MAlL-S-604'ý (AISI 8740) &loy in all sties except the onr inch whtch was
made from MIL-S-5000 (AISI 4340) alloy. The ZZO. 000/Z40; 0On psi p.:ts
w~ie faýXricated from MIL-S-S503 (AISI 61501, MIL.-S-7108 Mily Tutl arnd Vasco-
!et 1000.

Each lot of parts was subjected to static and dynamic tests to determine
their properties. The following static tests were conducted on each lot of
bolts.

a_.T--- ------------- ;;ý v'.n i tAhLcreadea lastener.
b. Yield strength of the threaded fastener.
c. Shear strergth of the boll body.
d. Tensile strength of the base nrate-ial.
e. Yield strergth of the base material.
f. Percent elongation of the base material.
g. Percent reduction of area of the base material.
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The stttic mecban.ica properties of the base material of each lot of studs
were determined. Tensile tests were conducted on some lots of studs, but
these testa were discontinued because fractu.e did not occuy in the test
section•

Tenoion-tsnsion fatigue tests were conducted at five stress levels on
&U lots of bolto and stude. Four stress levels were selected to pruduce
filwures between 10, 000 and 1. 000, 000 cycles. Five pioces were tested
at each of hese stress levels. The fifth stress level woo selected to pro-
duceS 8,000, 000 cycles w4th no failure. Two pieces were testud #t this
stress level.
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SECTION WI

TEST PIECES

A. BOLT:

The 160,000/180,000 psi bolts were trmad. in 1/4, 5/16. 3/8, 112. 5/8.
3/4 atmd ono inch diameters to US Z0004 series di•mensions. Figure 1. The
threacds were produce~d on the bard6enod and ground parts by a tingle rolling
process to the dimeasions, form &ad conto.r shawn in Specification MIL-B-
7838. AUl diamseters .•ept the one Inch wore fabricated Lrom MIL-S-6049
(AJU 8740) ally. The one Inch diameter was made faom MIL-S-5000
(AIN 4340) sally. The bolts were cadimium plated to Specification QQ-P-416.
Type I, CILs& C and baked at 37?'OF 4Z50k for a min-aium of three hours.

One touW of 2Z0, •-O/ Z40, 000 psi bolts was m& -1 ,-A, 318, 1/Z. 3/4
and one inch dianmeters ta SPS EWB ZZ-4 series diniension3, Figure Z. The
threads were produced o- the hardened and ground parts by a single rolling
process to the dimansions, form and contour shown in Specification LUL-B-
7838. All these bolt. were fabricated from MIL-S-7108 iHy Tun alLoy. They
wete C•h•in plated /zom a fluoborate bavh in accordance with Specificataon
NAS 672 and baked at 375aF 4-Z250F for a minirnumi of Z3 hours. This type
plating was used to reduce the possibility of embrittlemnent due to hydrog,-n.

One lot oi ij4-ZR bolts heat treated to 220, 000/240. 000 psi were made to
MS 20004 dri,-nslons. Figure 1. The threads were produced on the hardened
Lnd ground parts by a tingle rclliW process to the dt.mensions., for.-n •dn
contow shown in Speciftcatiou MIL-B-7838. These bolts were Labricated
from MIL-S-W303 (AISI 61S0) alloy. These bolts were cadmnium pla.ted to
Specification Q0-P-416, Type 1, Class C ard baked at 375OF -f ZSlFr for a
minimum of three hours.

The -----------'2.01,2..-.C.pl"la e a aso made in iiZ and ii4 inch dia-
meters to SPIS EWB Z2-4 series dimensions, Figure .2. The threads %were
produced on the hardened and ground 7&rts by a single rolLing process to the
dimensions, form and contour of the high radius thread form. These boltA
were fabricated from MIL-S-7108 (Hy Tul) alloy. They were cadmium
plat.-d from a fluoborate bath to accordance with Specification NAS 672 and
baxed at 375°F *-zsF for a rncirniumn of Z3 hours.

One lot of 1/Z-20 bolts heat treated to 220, 000/240, 000 psi were made
to SP5 EWE TM 9-s series amnensions, Figure 3. 'he threads were pro-
auced -n the hardened and ground parts by a sing!e rolLir pzocess to the
dimensions, form and contour of the high radius thread form. These bolts
were fabricated from-. a 5% Ct die steel (VascoJet 1000). The bolts were
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nickel-cadm-ivum difiusei plated in accordazce with Specification AMS 241b.
This platixg was used to provide corrosizn resistance up to 1000OF.

B. STUDS:

To determine the tension- 'tnsion fatigue properties of unengaged threads,
it was necensary to develop a test specimen. The goal of this design wis to
produce fatigue failures in the center portion of the test threads. To achieve
this, the effect of strats concentrLtions at the thread termination and those
due to the rant "gagenient hied to be -Umrninate. Therefore, the test thread
could not be loaded through a nut and the effect of throad termination had to
be minimized. Various des!Vie of spacimens described below were fabricated
and tested. It "s fouid timpoessble to eliminate entirely the effect of th*
thread termination. However, in the design adapted, the effect ao the t"read
runaut ws rn.liEtmied. Fai.luxes occurred pr.. ... a..•!•iy in t.,_.last full
thread except in the case of the cut and ground threea.s where fractures
occurred near the center of the threaded port.on.

The basic shape of a#1 specimens was a stud w.th a red:,ced threaded
section in the center. All development work on stud design vas carried
out on pazte fabuicated frmwr AISI 8740 material heat trertd to 160. 000/
180, 000 psr. The threal form used conformed to MTL.-B-7838 and was rolled
subsequent to heat trea';ment.

."he inlitli design, Figure 4, had a l/Z-Z0 thread on each end with a
3,'8-24 thread in the cernter. The rachus Joining the two threads, the I/Z
inch to the 3/8 inch, was made tangent to the root of the sma.ler thread.
A . 065 inch radius fillet blended this tn the t'-,veaJ. !n featg-e. faillurt of
the 1/2-20 thread occurred prior to the 3/8-24, Figure 5. In all subse-
quent dcsigns, the threade on thz e nds of the studs were made twice the
dharneter of the test thread.

Since faURue occurred Birat In the 1/2-20 thread, it was decided to con-
duct aii future rests tor design development on studs with 1/2-G0 threads on
the end &ad 1/4-28 UIL-B-7838 threads in the center. All such part@ were
made from AISI 8740 material heat treated to 160, 000 psi minimum tensile
strength.

The first st-ad of this design was made with a six inch rad-us blendint
the two threads arAl tangent tc the 1/4-28 thread at its major diameter. The

:--z .... ir. 4.,-i ii-esad roil rues were made, as
shown in Figure 8, to produce the thread between two riuaout angles. A.
shown in Figure 7, failure occurred at the thread runout.

Next, studs were made with thae six inch radius blending the two threads
tangent to the pitch diameter of the smaller thread. Figure 9 shows the
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dimensions of the parts. Fatigue faiiuri, occurred at the tkc'gad terrinlAtion
as saown in Figure 10.

These parts were modified as shown in Figure 11 by r"acbanir.g a 3/16

radius at the termination of the teot thread. This fillet was tangent to the
thread root and was cold worked oy forcing A roller aiatnst the radius.

Figure 12 shows the fatigue failure located in the •/i6 radius.

The next stud design had the six inch radius tangent to the thread root.

The 1/4-28 thread was rolled before grinding the six inch radius. Two full

threads at each end of the orruiller thread were ground off when finishing

the six inch radius. This was made tangent to the thread root as shown in

Figure 13. Fiatigue fracture occurred in the first full thread form the ter-

as Figure 14.

Tv ity and reduce ihe stress in the thread terminauion area turther 6C.

that fatigue failure would utcur nearer the center, a new design was tried.

This it shown in Figure 5. The thread ruriout was tapered from the full

thread form to ibe six inch radius which was tangent to the major diameter

of the test thread. The shape c-f the dies used is shown in Figure 16. As

shown in Figure 17. fatigie• failure occurred at the junction of the taper and

the full thread form.

Figure 181 shows the design of the next stud tested. A uniform taper

blended the rnajor diameter to the root diameter. Standard thread roll dies

I 91' inches wide were used to thread these parts The fa!igvr failure

occurred at the lunct;on of the tp,.rs irnm th,- i /2 nch thread and the lit
.Cch tLhread. as shown in Figure ii.

The f nil design. tcate- :s sh'.i-. n ;~ 20 A 1 A-'N h-.~~r

was pianned on a !;ve ýnr:h radius. The axis of tach thread was perpendicular

to the &X12 of the stud. A satisfactory thread form could not be produced due

tc the difference :n surface speeds between the die and the part along the con-

tour- The special thread roll cites ma.,- t. ner•o..t -. p -r!t- ae .-- n

Figure 21. As shown in Figure Z2, the thread was not fully formed over the

entire ,engith and had a protruding sliver of rmeta.. Etcned specimens showed

laps and very rough surfaces. A satisfactory thread could not be produced.

At a meeting held at Wright Air Development Center, it was decider to

discontinue fctrther stud develpment and use the dee-in shown in Figures

and 14. This was the only d-sign which produced fatinue failures ;n the fjllY

formed t*reads. The iý,actu.res were located in the last full thread before

the run out thread. St,Lýl of all azes were fabricated to the dimensions

shown in Figure 23.

The steel sFecimena were produiced -_itrer.gth leveis. 160, 0001

180,000 psI and 220, 000/240.000 psi, The ýt - -engt. paris were . ir
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ented from MJL-.-604:9 (AISI 8740) with test thread diameters of 1/4, 3/8.
1i2 and 3/4 inch. The one inch flie was fabricated from MIL-S-5000 (AISI
4340) mnaerial. The 'threads on these sizes were produced by & single rolLng
process on the hardered and greund studs. The thread form conformed to
MIL-S-7742 as modi•.ed by MIL-B-7838. Tahla I ý,,A K`j_-.= 2 ... - 1 ? A

inch size was alcc produced with both cut and ground threads. The threads
were cut before heat treating and confurmed to MIL-S-774Z. The root of the
thread was flat with small radii blending to the flanks. Figure Z5. The
ground threads wore produced after beat treatment with root radii rounded
to MIL-B-7838.

Sorno of the 1/4, 3/8 and 3/4 inch test threads at 160,000 psi with roUee
threads wore cadrmium plated to epeciftcaton 00-P-416, Typa 1. Class C.
These were baked at 3750 T for 3 hours to remove hydrogen.

.I-;hGr -- .r:.ii level, ZO, 000i40, 000 psi, ePeciment were fabricated
frorn hdL-S-710¶ (Hy Tuf) material with test thread diameter* of I!4, 3/8.
I/Z. 3/4 and oe inch. olAso, a lot was produced in the 114 inch size from
MWL-S-8SO3 (AISI 6150) material. Threads were produced by a singre rolling
operation on the harcened and ground studs. The thread form conformed to
MIL-S-774Z is -n-'-ii.'d by )1I.-f--7838, Tabie i. The /•2 arnd .14 inch
sizes were also fabricated with the high radius t.read, Figure 26 .and Table .

Test specr ens wit- rolled tIreads .n the 1/4, 3/8 and 3/4 inch size at 220. 000
psi were cadn•iurn plated from a fluoborate bath to Specification NAS 672.
These were baked at 3750 F for Z3 hours to remove hydrogen. Studs w-th
the 3,4 iach size threaes were also made by cutting and grinding. The
.hreads were cut to 1IL-5- 7 74Z before heat tr-eating. The root was flat

with small rachi blending to the flar.J., Figure Z3. The M!L-B-7838 thread

form was grou.nd alter heat treatnent.

A lot of I/Z-ZO studs were produed from 1 5% chromium hot work die
steel, VascoJet 1000 and were heat treated to 210,000/240.000 psi. The
hdga radius thaead form was rolled after neat treatment.

C. NU T7:

The lockwats tested in Latigue to evalu.,t the effect of design were
standard external wrenching nuts for 160,000 pf, bolts. The all metal de-
signs were the SPS 4ZrW 524 &ad 4z2W 1018. The nuts with a w-mo•itAic

locking element were the ESNA CBOS24 and EB 1018.
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TABLE I

Thread Root Radii Specified in JIL-B-7838

R&diufiinch)

Size Mialmurn •IW murn

1/4 .0040 .0051
5/16 .0050 .0O60
3/8 .=C5c .0060
1/2 .0060 .007Z

518 .0060 .0060
3/4 .0070 .0090
1 .0080 .0103

TABLE U

Thread Root Radii Slwcifled for High Radlu3 Thread

Radius (inch)

Size Minimum Maximinum

1/2 .0078 .0090
3/4 .0092 .0112

WADC TR 58-326 9



SECTION IV

TEST EOUIPMEN T

A. TENSILE:

1. Machines

Tirdus Olsen Universal Testing Machines which were used in this' project
had the following capacities:

Max. Capacity-# Additional Tensile Ranges Type Operation Figure

30, 000 6, 000; 1, 200; 300 Electomatic 27
60,000 12,000; 1, ZOO Hydraulic 28
120,000 24, 000; 6,000; 1, o00 Electomranc 29
400,000 80,000; 20, 000 Hydraulhc 30

The electoinatic machines operate by a variable speed motor driving the
:oading screws. The load Is measured through a lever system and load cells
contsisting of differential transformers on a beam. The guaranteed accuracy
oi these machines is t.J.%.

The hydraulic machir.es are loaded by fluid pressure. The load is
measured through differential transformre;rs on sensitive Bourdon tubes.

The guaranteed accurairy of these machines is also tl%.

All tensile machines were calibrated using proving rings certified by
the U. S. Bureau of Standards. The rings shown in Figure 31 have the

following capacities:

3, 000 pounds
30, 000 pounds

300, 000 pounds

Z. Accessories

Each machine Is equipped with the following accessories:

a. Pacer - to control loading at a fixed rate in pounds per minute.

b. Recorder - to plot load in pounds vs extension.
c. Strain rate indicator - to control loading at a fixed strain rate.

AU tests were run with one of the extensometers shown in Figure 32.
The extensometer in the lower left corner was used to measure the elong-
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ation of bolts in inches. 1 he ""S" series of extensornte-r s was used to measure
smooth specimen elongation in aich per inch. The particular gage lengths

used for the specimen were 0. S0, 1. 0, 1. 4 a•nd Z?. 0 inchea. A; p"i'caoou of
the. exunnometer on a specimen may be seen in Figure 33. Figure 34 shows
how the bolt exterisometer is used on bolts tip to fifteen ixches Long.

The lever arm •f the 4xtensornsters actuates the &Ferentisl transformer,
which in turn transmits the signal to the recorder. In this way the elongation
is plotted on the recorder according to the magnification selected on the re-
corder panel. Each exterisometer has three maglniflcation trafgs. Those
ranges vary from 50 to 1000 depending on the extensometcr used.

To accurate:y locate the bolt esxtnsometer, a center drill bale is m, da
at the point and in the h•ad recr.,s or socket. This gives point contact. The
specimen extensometeris are put direct•ly on the smooth gage section of the
piece. The gage length, used for specivens was four times the gage diameter.
The guaranteed accura•cy of the recorder is 44%.

3. Fixtures

To attain the required aLignmen'l for accuratr values. fixtureg fabricated
to close tolerances were ua'ed for ten,.i)e testnr.

The links used 4Lre shown, in Figiues 35 thru 39. These were also used
in fatigue testing.' W'rth the use of a•dapters, Figures 40 thru 42, these links
provided a means to test from 1/4 to I I/Z inch dian.eters. Both the links
aad the adzpters 'wer.e fabricated within very close tolerance to insure a.ial
In adi3g.

Bolt and nut combinations were pulled in tensile with links and adapters
at both ends. The stud specimens we.re pulled with the link set up on one end
and a tapped bar on the other. The tapped bar he l'id O. the tensile machine
by jaws. The tapped bar* are pictured in Figures 43 a&d 44.

The drawings, Figure 45 and 46 show the top and bottom of the room
temperature shear die. The set up is shown in Figure 47. The shear tests
were run ih the Universal Testieg Machines.

1. Machines

Fatigue machines of the following models and capacities were used to
test the bolts and studs of this program:
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a, 5,000 pound Kraotse operating at 1650 CPUA, Figure 48.
b. 11. 000 pound Krose operatUng &C 1050 CPM. Figure 49.
c. 60.000 pound wvy overatina at 1290 C PM. Figar SO.
d. 60,000 pound Kroume operating at 850 CPM, Figure 51.
a. ZZ0, 000 WPJund Amaler operating at 500 CPIA. Figure 5Z.

Load multiplying Axtures were used on a 15, 000 pound Krouse and the Ivy
machine to prodace 60.000 pounds.

The 5,000 ind IS. 000 pound Krouse machines operate on the principle of
an adjustable tbrow crank applying the alternati•g load to the specimen thru
a lever and r. parailelogram of nlestere plates. The mnirrnr load is appHled
by a hydm&•-Uc cyliuder attached to a stationary bolder. During the test. ton-
stant load linits are mntained on the specimen by electrical contacts on
the lever. TMese contacts operate solenoifd which permit oil to flow to the
hydraulic cylinders. In tb.- -anner, the loads can be maintained within +Z%
at all times.

The (0,000 pound Krouse is basically the sal-ne machine as the 15,000
pound Krouse. The load is applied to the specirrnen through 4:1 mnultiplying
levers, Figure 51.

The 12, 000 pound Ivy machine is an inertia-compensated machine that
develops the alternating force by rotating an adjustable mass. The static
load is apphied through a torsion bar. The loads are &ppled by means of
an osdillattiig beam. The load multplier increases the capacity five times.
Since the dynamic load alternates about the mean static load, the staUc load
is controiled to maintain the lo"d limits withii-f 2%. This to done by a re-
luctance gage and an electronic circuit.

The 220, 000 pound Amaler machine applied all loads by hydraulic pressure.

sure gages.

2. Fixtures

The adapters and links provided a method for testing both studs and bolts
of different diameters in the same machine. Figure 53 shows the basic
tension-tonsion fatisue set up usma a bolt. &dalpters. links &ad washer.

Links were made in various &Izes ranging from 3, 000 to 220. 000 pound
maximum capacity as shown in Figures 35 thru 37 and 54. The toierancr-s
of squareness and concentricity were held to very close limits to insure uni-
axial loasding. In tOls way alignment is built into the set up and not left up
to the operator. The design of the links riset: the requirements of NAS 1069.
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The adapter. used in the Links are shown in Figures 40 thzu 4Z. Note
"tht the tolerances of squareness. concentricity and size were held to a
practic.ahls _.in.unt.-•. , i,-e uniaxiad lsading. Figures S5 and 56 show
the adapters rused to teat the threaded sitds when nuts were not used.

OrilgiaUy all links were Lab,/cated in accordance with Specification
NA! 160 "Tension--Tension Ftigue Test Stanidardization", October 1956.
These are shown in Figures 57, 58 and 59. Threaded adapters to mount
theme links on the 60, 000 pound Krouse are shown in Figure 60 and 61.
Ho'weisr, failwer of the Links at low cycles and low load& forced the use
of the links as shown in Figure SZ, Figures 62 a&d 63 show where the
failure occurred in the Large (ZOO, 000 pound) NAI link at 173, ZOO cycles
under a 90, 500 pound load. Fiurh 4 she s f•• lr• e of the i5, 000 pound
NAX link. The design of these NAI Links have since been changed to in-
crease the fatigue life. The NA] 160 speciication has been superseded
by NAS 1069.

3. lýoad Measuring

The load* were measured by resistance "train gages bonded to the
loading column, Figure 6S. To insure accuracy, the gages were call-
brated under dynamic loading to develop a machine crnstant. A calibrated
load cell was used.

Fig-ire 66 shows the electronic equipment used to measure the output
from the strain gages. These units are from left to right.

a. Baldwin or Ellis Associates, six channel switching and balancing
unit. Th-s provides a convenient method of balancing the individual
circuits and switcling from one set of gages to amother.

b. 11li. Associates, BA-12 Bridge and Amplifier. This unit supplies
DC power to the circuit, amplifies the output from the gages and
provide. a meais of measuring the strain at the gage location.
Basically. it completes the Wheatstone bridge of the circuit with
various precision resistors to provide different ranges of operation.
The chopper circuit, in which the outpt is controlled by a variable
precision resistor adjusted by an indicating micrometer screw.

M~z w; measuring the gage output accurately.

c. DirMont Type 304 A or 3SO Oscillograph with a P-7 screen. Through
this inestrument a meouns of visual adjusbnent of the measuring cir-
cult. as well as a picture of the loading cycle, is possible.

IHeasurements of loads are takea by adkiustin. tht, variable prec.iacin re-
J ui*W on the unpifier unit by a micrometer screw until the horisa W it e

- on the oscillograph is tangent to the peak or trough of the load line wave.

WADC TR 58-3Z6 13



Figure 67 shows a typical pattern on the oscilloscope. The horizontdl
measuring line is ithown at zero stress. The readings on the micrometer
are multiplied 1jy the constant derived by calibration for that machine.

All cables were shielded with a metal covering. The shielding and all
iuetruzrents were grounded to eliminate fuxz.inese and distortion from the
oscilloscope pattern.

C. NUTS:

The 160,000 psi bolts were tested with the fatigue nuts shown in Figure 68.
Another fatigue nut, Figure 69, was used to test the 220,000 psi bolts. The
studs were tested with nuts and with threaded bushings.

Special 1 3/4" and Z- nuts, Figure 70, were used to test the one inch
unengaged threads.

All nuts varied frorn standard because they had neither locking device
nor plating. The squarteness of tht bearing face with respect to the axis of
the pitch diarreter was . 003 inch TIR maximum.

To test the effect of nut locking devices on fatigue liffe, tests were run
with SPS 42 FW 524 and SPS 42 FW 1018 nuts. Figure 71 and ESNA EB 524
and EB 1018, Fig-are 72. The SPS nut had a metallic locking device, while
the ESNA nut had a non-metallic insert.

D. WASHERS:

To prevent the head-to-shank fillets from bearing directly on the adapters,
,ouiiterdwk washers per SPS WC 22, Figure 73, were used vt4er the bolt
heads for all tests. No washers were used under the nuts.
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SEC TION V

TEST PROCEDURES

A. TENSIILE:

After fabrication all parts were dimensionally inspected to the appli-
cable tint. The thread form. contour, and dimensions were particularly
r,-teu s to their conformance to specification requirements.

The bolt. made for this test program are listed in Table IV. The studs
tested are listed in Table V.

Tw.; smooth sperim-ens of each !at of bolts and studs were pulled in
tensile to determine the static mechanical properties of the base material
of the finished part. The specimens were fabricated to sizes listed in
"Federal Test Standards", Nn 151. published July 17. 1956. The gage
sizes uwed for each thread diameter tested are given in Table J1I.

TABLE ITT

Gage Sizes for Piris Tested in Tensile

Norm.n"i
Thrr'd Diameter Gage D.ameter Gae Length

1/4 . 113 0.45

3/8 .25Z 1.0
1/Z .357 1.4
3/4 .505 2.0

1 .505 2z0

The ultimate strength of all pirts was obtained directly from the dial
on tte tensile machine. The yield strength of the specimens was determined
by the 0. A% offset method. Elongation and reduction of area were calculated
frorn direct measurement. Results of all tests are reported in Appendices
I and 1U

Z.ALinsuruieers oi :he appropriate gage iength were used on all specimens
tested as shown in Figure 31,

Two bolts of each lot were pulled in tensile to obtain the ultimate and
yield strengths. The overall bolt extensormetei was used to plot the load
excn•,ior curves as shown in Figure 34. The yield strength was determined
as that point where the slcpe of the plastic region of the lo•ad extensionc cu1
is equal to 2/3 the slope of the elastic range of the same curve. Tensile
tests were not run un the studs since failure occurred in the shank rather
than the threaded portion.
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TABLE IV

160. 000 psi Heat Treatment

Diameter Configuration Material Thread Form.

114-28 MS 20004 M~i.-15-b049 L..73
3/8-24 MS 20006 MIL-S-6049 MIL.-B-7818
112-20 MS Z0008 MtL-S-6049 MIL-D-7838
1/4-16 MS zooIz MIL-S-6049 MIL-P-7838
1-14 MS 20016 MIL-5- 5000 MIL-B-T838

220, 000 psi 14,--t 1 reatmne't

1/4-28 !ZWE 22-4 MIL-S-7108 MIL-8-7838
114-28 MS Z0004 MIL-S-4503 MIL-B-7838
3/4-24 EWB ZZ-6 MIL-S-7109 MlL-B-7838
112-20 EWB Z2-8 MIL-S-T108 MIL-B-7838
112-20 EWE 22-8 MIL-S-7108 high Radius
112-20 EWE TM 9 Vastic~et 1000 High Rad~ius
3/4-16 EWEl 2'-!Z MIL-S-7108 MIL-B-7838
3/4416 Ewa 22-12 MIL-S-7108 Ftilb Radiius
1-14 Ewa 22-16 )AIL-S.7108 MIL-B-7838
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TABLE V

Studs For Testing Mechanical Properties of Unentgaged Threads

160,000 psi Heat Treat

Diameter Material Thread Form Thread Formed By Plate

I1/4-z8 MILU-6049 MIL-B-7038 rohlig None
1/4-28 MIL-S-6049 MIL-B-7638 rolling Cadmium (CyasideI

3/8-Z4 MIL-S-6049 MIL-B-7838 rolling None
3/8-24 MIL-5-6049 ?ML-3-753 roling Ca•dmium ! Cyanide)

i/2-20 MIL-S-6049 MIl-B-7838 rolling None

1/4-16 MJL.-S-6049 'i4,-B-7938 rolling None
314-16 MIL.-S-6049 MII.-f=-7838 rolling Cadmium (Cyanide)
3/4-16 MIL-S-6i49 MIL-B-7638 grinding None
•44-16 MIL-S-6049 MXL-B- 7838 cuttings None

1-14 MIL-S-5000 MIL-B-7838 rolling None

ZZ0, 000 psi Heat Trest

1/4-Z8 )IL-S-7108 MIL-B-7838 roLlUng None
1/4-Z8 MIL-S-710C MIL-B-7538 rolling Cadrruum [Fluoborate)
1/4-28 MIL-S-8503 MIL-B-7838 rolling None

3/8-24 MIL-S-7108 )IL-B-7838 rolling None
3/8-24 IL-.-7'110 MIL-B-7838 rolling Cadniun (Fluoborate)

I/Z-Z0 UIL-S-7108 MIL-B-7838 roiling None
1/2-20 MIL-5-7108 H1gh Radius rolling None
I/Z-ZO VascoJet 1000 -igh Radius rolling None

3/4-16 MIL-S-71OB MIL-B-73S9 roLing None
3/4-16 MIL-S-7108 MUIL-Rf-7RA rz-- I -- CaL,.xiwa -FiU-rUI

3/4-16 MIL-S-7108 High Radius rolling None
3/4-16 MIL-S-7108 0gih Radius roiling Cadn'durn (FLuoborate)
3/4-16 MIL-S-7108 MXLv-E-7838 grlndiLg None

3/4-16 MIL-F-TI08 MIL-B-7838 cuttlng* None

1-14 WIL-S-7108 MIL-B-7838 rolling None

* Threads cut before heat tr&L.nennt al other threads formed after heat treatzent.
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All tensile tests w-.re run at a rate of 65,000 psi per minute. The tensilt
machines werv calibrated with proving rings certified by lhz Bureau 4.f
Swundsrds.

B. SHEAR:

Double shear tests were conducted on the shanks of two bolts of each lot.
The shear die set up is shown in Figure 47. The rate of loading was 100, 000
psi per minute.

C. FATIGUE:

Markh le•I nf sfittiv ne _tlta w_ r-,,n in - f*--gu- to develop
a full S-N curve with four stress levels betweeni 10.000 cycles and the en-
duranc.e limit. Five pieces were tested at each stress level. Pieces were
run to determine the 8. 000, 000 cycle endurance limit, and two pieces were
tested at that stress level.

Cadrmium plated scads were fatigue tested at a minimum of two stress
levels. These levels w .e selected to detrrterine the relative location of
the S-N curves.

Ir. all fatigue tests the low load was teni percent of the maximum load.
Loads were mraintained within VZ by the various methods described in the
section on Test Equipment. Fatigue stress caicu•ations were based on the
tensile stress area(1), and plotted values were rmaximnum stresses.

In setting up a fatigue specimen, it is extremely important that the
alignment and squareness of the adapters be as ^ccurate as possible to
insure umiaxial loading. Thersfore, it was standard procedure to check
the followins:

a. That the aLdptc:s sal squArely in th•u la,•s wLthouLt rckAng.
b. That the part slid freely througn the adapters at both extremes; of

the stroke.

(1)" The tenaile stress area is calculated by the equation -

A = 3.1416 (E/Z - 3H/16)2
where A z Tensile stress area

E : Basic Pitch Diameter
H : Height of sharp V thread

TE. tensile stress areas are liated in Table i. 3. page 19 of "Screw-
Standards for Federal Services" 1957 Handbook H-Z8.
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The first piece of any lot run at a partcule.r stress wa" assembled into
the m&cldae and adjustneats of the loading macbantam were mas ,itati ! the
required Loads were attaned. This piece was run to falure and examrrined
for Indications of heading, as follows:

a. Bonding is indicated by the htigue fracture progrecelng ftran one
side of the Part to the final tensile fracture, which is 'located on
the opposite side of the origin, Figure 74.

b. Unlazial loading resulti in a fracture that shows fatigue crack pro-
pagatdon from all sides of the part toward the center, Figure 75.
Note the difference in appearance between Figures 74 and 75.

c. Severe bending is intcated by rubbing marks on the body of the
bolt where it engaged opposite sides of one of the adapters, Figute 76.

4. If. in other sample& tested, the .ucadon of the start of the faigue
crack is always located at the same relative pnslt.zor to the link
&a.d adatpt.!r. then thc .laadIng Sa txo.&tuaa

1. Plntting -'f [=ta

* .e t clg tudt we~re plotted o., acmin -&ogzarzthiun ,ae

st1ro em - mec 0n.1 tri tt~nshiC strera area was nlottrý! 77! ctat

*fr .. i ~f~f(J -e ri~non t-r lett hand rilde Ofithe -~i Thc

res•als of e&ch t1,wt were plotted and the curve of beet Lit wis drawn through
Li;e icgSarltnmc rnean "Yet. Theme were covmnputed b• the eouaton

u~og Xi + L-ou X-ý 4- !-ne X-. A 1n

I.'estezz*.. a. r- •;a rver, stre

n Number of Specimens tested at that streas level
a Logarithmic Mean Lie

WAIX TR 58-3Z6 19



SECTION VI

SUM•AMARY Of Rr-tULTPi

The rt.w data for all toots ari presented in the Appendioes. Ttie tdni;ils
properties Of the parts Lad base material are tabulated on data sheets for
each lot of pieces. The tension-tension fatigue1 cyz1eo are IabiJ~tr. by lot
a&Mi also plotted to show an S-N curve. Appvadix I includes the results of
the tests an all parts heat treated to i460 00C psi and Appendix 11 includes
those for the 2Z0,000 psi parts.

lo simplify the data, combined S-N curves plotted as tensile stress
area, which is mean area. versus logarithmic mean life are vpven as
follows:

T!____ C HA-tT NO..

S-N curve of gKa.l&sd and Uneoaased Threads
S-N eurras of I/Z inch d1&arnetor Uneng&g.d Threads roiled on
MiL-S-7108 and VascoJet 1000 heat created to 220, 000 psi 2
S-N cwrvee of 112 inch (hamster Bolts -M.do frc~r WLL- -- 7109 &-d
Vaacojet lofj I

S-es cgxves o1 &,I nO 1,4 iin~ thvr-ete7 Bolts mad,. frnm Wi ~-9-itO
and UII-S-850 4
5-N curve of liZ inch di•meter Uneugaged Thread&s with ruh radius
and li~L-li-7&34 threead forns
S-N •u•ve of 3/4 Inch diarnetez Uneu#aged nread -rith hign radiuhs
.d WiL-B-7838 tnrera iorml %

S-N curve of 1/2 inc diamneter Engaged 'Threads with highi raellus
and Ul1-S-7•-9 thread forms 7
S-N curve of 3/4 inch damneter Engaged .'.rerds with high ra~is
"ad hIL -13-78333 @bzad Lorms.
S-N curve . 5/16 iuah MaS Z0005 bole. with Ail-Metai and hon-
metalc Loc•ang fW'ente Nuts 9
S-hN curve of 5/9 inch MS Z]OO1 Bolts with Ail-set&a and Nor.-
Metr•ilc Lockn rlenrient NIta IQ
S-N curves 1t 1/4 inch Unengaged Threads for-med by cutting and
rolling 11
S-N ,rwe. u! 3/4 inch Unanugaged Threads iormeo ny tnan.g and
rolling ii
S-N c-rves of 14 th!4 own inch dameter Uneafaged Threads rolled
on hGL-S-6049 material at 160. 000 psi 13
S-N curves of 1/4 theru one inch dianetAr Bolis heat treated to
160, 000 psi 14
3-N curves of i/4 theu one inch diameter Ijnaugage Threniad
rolied on MIL-$-7i08 at Z20, 000 psi I5
S-N cuzves of 1/4 thru one inch diameter Bolts made from MIL-S-7?108
at 220. 000 psi 16
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SECTION VU1

MnUcssim OF R.SULTS

A. STUD DEStGN:

To evaluate the properties of unengaqed threads, it was necessary
to develop a specimen with threads which were not loaded through £0-

male threads. As outlined In the section on Test Pieces. various de-
signs were tried, to determine If fracture could be Induced near the
center of the test thread. Mi could not bi- cca-ev4 on the epeclmias
roll threaded after heat trSebaent; therefore, A design was selected which
Induced fatifge fracture In the last full thread before the termination, Thus
-ho cilec!i of fta Oread runout was reellc.de ta the lowest pon0lble dcgrco.
H'owaver. ini the lsxgr*r @i~es, 314 Pend I. inch dIexr%:tcou, it wan nece.uasa
to cold work by shot-poenitng Ihn radius blen~img the test sactton to tl,
loaCJlng t1h'eada. A P-33 ohot wis tined at P, intensity of . 014 C2, With-
omt this, Feýtuo fracture occurrcd cutuldo thu test aiea, Figures 77

Tahe ftnltile'l G10itrIch tent epecitrfen5 vwozo V~rodn'ccd WAt7 &_a Ijich citt
shxeacdg 05 the eP-s. FatAijus f1LIOa eccurred at tho junction of ados

rtbead and the ra',1u* as ehowa, in Figure 79. Fat4ue faivue•e were pro-
dced _in the 1-14 tihreid by e•rj a 1 3/14-M wolled• •-cPd on tho cndu.

Tho tent speelm.ens with cut &ad 0toiwA threads were unadeh to the
e#-rno cordfigtradrin as the rall threaded parts, In this came, fatigue
failure occurred near th- ce:|ter of thd test cut and groed thzesa,,
Figure 80.

B. EFFECT OF ENOAGINO TIREAWi ONJ FAT[GU LIE:

The fatigue strength of unengaged threads I. 1114 to 2 1/2 times
greater than that of the engaged threads. This co'parison Is based on
the maxsimumn iftess which would produce * fatigue Wfe greater tha

, 000,000 cycles. The dliference between the average fatigue life of
-&ge - ~~ - , - rU- -- _ -- b

VI lists t#i fatigue strength at 8.000, 0C0 cycles for each lot of bolts and
studs with MIL-B-7338 threads.
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TADL, VY

Fatigue Strength at 8,000. 000 Cycles
Stress Calculated an Tensile Stress Area

MIL-S-6049 Material - 160,000 psi minimum
MIL-B-7838 Thread Form

Test Thread Diameter Sirewo to ProdCuce Fatigue •ife of More Than
8.000,000 Cycies

Stud Bolt

114 95,000 40,000

3/8 80,000 40,000

1/2 :,Go. OC 40,000

3/4 ".0a ,on0 40,000

1 100,000 50,000

MAL-8-i108 Materal '- 220, 000 pal mArhliumr
MIL-B-783E5 Thread Y'orm

114 Uo,o000 80,000

3/8 100,000 60.000

1/2 120,000 65,000

3/4 10.000 5,,000

1 1St�, 0O 60, 000
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In the case of 160,000 psi heat treatrment, th. stud fatigue strength was
2 to 2 1/2 times greater than the bo•t. F*,- imtZ 220, O psi strength level
with the MIL-B-7838 thread roots the stud strength was I 1/2 to 2 times
greater. The studs with the high radius thread root made from Hy Tul at
220. 000 psi had a fatigue strength only 11/4 to 1 IZ times greater than the
bolt with the same thread form. Sin,.., the difference between the fatigue
strength of the stud and bolt is less with the high ralius thread than the
MIL-D-' 338 threads, the stress concentration in the threads must be less
with the high radius thread than the MIl.-B-7838 thread. This indicate,,
that bolts with larger thread root radii are affected less by the stress con-
centrAtion due to the nut. This in demonstrated by the bolt fatigue strength
being nearer tlhe unengaged fatigue strenjth.

C. EFFECT OF MATFRIAL ON FATIGUE STRENGTH:

"Th6 fatig.u otcn.Sth of tho et"C1d fabricatod iwom VaocoJet 1000 is l0:
greater then similar ptrts mrade froi MIl,8-7108 rmtterli1, Chart 2. Tile
fatigue strength o! the Vascojet 1000 bolto ta 18% greator thban th8aa inade
from I.,lL-S-7108, Chart 3.

Th--3 f•egue atrenith of thn MIL-5-•503 niiterial Ic Slightly lower than

the Ily "'A in both C.ud and bolt tests, Chart d.

1). E}VYCT OF IMATER!AL STRFTGTH ON FATIGUE STRENGTH OF T'iRFADS:

fy incrc&haig Vie sircn9th of wýe nmaterial from 160,000 psi to 220,000 psi
(1.4 ttmes) an increase of 1.2 to 1.45 was obtained in the fatigue strength of the
studs. MIL-S-8503 had a 1.2 increase In fitiguu life, IMIL-5-7108 a 1.3 in-
crease, while VascoJet LO0 showe.d a 1.45 t~creare.

The inerame in the fatigue iriength of the bolts due to tht increase of
1. 4 In tensile strength was betweer 1. 4 and 2.9. The bolto made from MIL-S-
7108 and MIL-S-8503 were about the same at 1. .4 to 2. The one lot of Vascoaet
studs with the high radius threads increased 2.8 times. This Is an increase
of twice the Increase in tefsile strength.

The imtease In the bolt fatigue life is equal to or greater than the in-
crease in tensilo strength. Howmev,__. -s--'tig e increased slightly

S- •iea, -than etcrtsile strength. This may be due to the stress concentratien
In the thread termination which was not completely ellmirnated by the design
of the stud.

E. EFFECT OF THREAD ROOT RADIUS ON FATIGUE STRENGTH-

Thm ie r.zti n of th6 effcct of MIL.-B-7838 and high radius root rad1
on the fatigue Uia is b•,oed on parts heat treated to 220. 000 psi. These wef e
the only parts mada •i&th boih thread forms.
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At the high stress levels the fatigue strength of the unengaged high
radius thread is superior to the MIL-B-7838 thread. This is shuwn in
Charts 5 and 6. At a life a more than 8", 000, 000 cycles, there was little
or no difference between the thread forms.

The fatigue strength of the bolts with the high radius thread form was
at least 1.5 times greater than the parts with the MIL-B-7T38 thread.
This comparison is shown in Chart 7for thel/2 inch diameter bolts and
Chart 8 for the 3/4 inch dtameter bolts.

Sincti the bolt tests showed a definite superiority of the high radius
over the MIL-B-7&38 thread, it is probable that the same difference was
not found in the studs because the effect of the thread termination was
greater than that of the thread form. The stress concentration due to the
thread engagement with the bolt was sufficiently large enough to cause
fatigue failures to occur in the area of the nut bearing (ace rather than
at the thread termination.

F. EFFIECT OF NOT JWS1GN ON FATIGUE STRENGTH OF BOLTS:

Charts 9 and 10 chow compratava S-N curves developed vith lgcknuts
having :netfllic thro-i and those having a non-metallic clement in the locking
section. In both tests t0 n[uts with sll-rietal thyeads produced superior
fatigue life in th) 3-zting lprt, It appeM'le th".t mo the algo increAses the
difference bntween tho two deeigng becorno greAter. Tho auprlorlity of
the all-metal nut can he attributed to less stre~a conceantyation in the bolt
resulting from bn-ter lol distribution in the nut, With nmore metaliM c
threads the loid per thread in lon5; thus the otrevn cnicentra!'on im We-
duced.

0. EFFECT OF PLATING ON THE FATIGUE STRENGTH OF UNENGAGED
THREADS:

Plaing decreaes the faU 8 *ficngih Of threaded paLrt.. A reduction
of 6% to 11% waa found ci the etude heat treated to 160. 000 psi. The eadmiurm
plating of the ZZ0. 000 psi studs reduced the fatigue strength 9% to 11%. A
reduction of 10% was tound in the one lot of 22•0.000 pai studs with the high radius
thread.

As shown in Table VIU, size had no effect on the fatigue life reduction due
to ... tin..
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TABLE VII

WAI-t '_ _- vi F&i-gue Strength of Unengaged Threads
Fatigue Stress to Produce a Life of t00, 000 Cycles

Site Strength Thread Form Stress Non-Plated Plated % Reduction

1/4 160,000 MIL-B 127, 000 120, 000 5.51

3(8 160,000 MIL-B 117,000 104,000 11. t

314 160. 000 MIL-B 1z. ,000 IZO, 000 6. Z5

1/4 220, OUO MIL-I1 150,000 122. 000 18.7

3/0 220, OU0 M!I,-B 134.000 122, 000 6.96

314 ZO, 000 Klt - fl 157,000 135, 000 14.0

3/1$ ?Z0.0,00 HIgh R1ae, uo 158, 000 14z, 000 10.13
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H. EFFECT OF CUT THREADS ON FATIGUE:

The fatigue strength of the unengaged cut threads Is 34% to 6U% of the
rolhd MIL-B-7838 thread. The fatigue strength at a life of 100, 000 cycles
of the cut threads on parts heat treated to 160, 000 psi was 60% of that ob-
tained with rolled threads. Under similar conditions the fatigue atrength
of the cut threads on studs heat treated to 220, 000 psi was 34% of the rolled
threads, Chart 11.

Table VIII shows the comparative fatigue strength of unengaged cut and
rolled threads at a life of 100,000 cycles.

TABLE VWI1

Rolled Thread after Heat Treatment ve Cut Thread
Fatigue Strength to Produco Yractiure at 100, 000 Cycles

All parts were 3/4-16 unengaged threads

Tcnoilo Strength - pal riatnimnmW1 Fatigue Strength - psl
Rolled Cut

160,000 1Z6,000 75,000

220,000 160,000 55,000

I. EFFECT OF GROUND THREADS ON FATIGUE:

The fatigue strength of ground threads in lesa than rolled threads but
greater than cut threads.

The fatigue strength at 100, 000 cycles of the ground threads on parts
heat treated to 160. 000 psi is 68% of that obtained by rolled threads. On
studs heat treated to 220. 000 psi Xhe fatigue strength of the unengaged
ground thread was 56% of the rolled thread, Chart 12.

Part of the difference between the ground and cut threads can be due
to the thread forms. The cut thread had a flat root where as the ground thread
had a -radi u coiriormnxng wo lW5L-f- yros.-----

Table IX shows the comparative fatigue strength of unengaged ground
and rolled threads at a lWfe of 100, 000 cycles.
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TABLE I X

iuiiijd TItre=d rtier Heat Treauemn vs Ground Thread
Fatigue Strength to Produce Fracture at 100. 000 Cyclos

All parts were 3/4-16 unengaged threads

Ter•sile Strength - psi minrimuz Fatigu.e Strength - psi
Rolled Ground

160,000 16.000 B5,000

ZZ0,000 160,000 90, 000
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SECTION VM

CONCLUSIONS

The fatigue strength si uoengaged threads is abot 11/2 times that of
enga•ed threads.

With the proper selection of the material the fatigue strength of rolled
theads increases in direct proportion to the to-.nii4 otra'¶•th.

By increasing the thread root radius, the fatigue strength of threads
can be Increased.

Nut design affects the fatigue strength of fasteners. Ganeraliy as the
thread engagement decreases the strength decreases.

Cadmiun plating reduces the fAtigue strength of threads an average
of 15%.

The fatigue jtrength of unengaged cut threads ia 34% of the rolled threads
on parta hcat treated to 160, 000 psi and 60% of rolled thrcads on ZZ0. 000
pai parts.

Thc fatigua atrangth of unen~aged ground threids fu greater mhan that
of cut thre"As but less than rolled threads. The fatigue strength of the
ground thread is 68% of the thread rolled on 160, 000 psi material and 56%
on 290, 000 psl material,
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FIGURE 31

PeOVi' Ringfo for' Calibration of Tcngitto Maichineco
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FIGURE 33

SpecmenrreeomsovAssemble in Tensile Mac~dao
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Clooo up of Fatigue Failure of NAI-160 11atigue Link
200,0009 Capacity
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FIGURE 63

Fulil View of NAI-160 Fatigue Link
Failure if Noticeable in Upper Part
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FIGURE 76

Bolt Body Showing Rubbing Marks Resulting

From Non-Axdsl Loading;
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~FIG U11E 7 7

Fadg~uo ,riacturo in StmoUi of 3/4 Inch Test Spechinen

Vaft, FVot-to fi% T hved SccUuai of 3/4 inch Toot Stcchimcn
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FIGURE 79

Fatigue Fractare tn 2-12 Cut Thread Rather than 1-14 Rolled Thread
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TENSION - TENSION FATIGUE TEST RESULTS

10% Pr-load - Strove Calculated on Tensile Stres. Area

Date: 11-18-54

Belt DMoegn MS 20004
Size 1/4-28
Matorlal MIL-S-6040
Hteat Treatment 160.000-180.000 pat
Thread Foran MIL-B-7838
Plato Cadmium plato por q10-P-416

Typo 1. Class C

Streou Arca .0362 Sqt,-irc Inchno

N1it Tfy!
*styleVF

1.UtristAlf 0630
1IkC!t k't Cfacint [Lc 2.7R..3.

Tk'oDUI,3 .?~Ccl~W

C" C0ty 50i0 QUntund
S,=:c d 1650 cii

L oadi 4,34,09 3, 6~09 Z, M96
S!~on i0,00 p3i 00.000 P;A 00.0001)01

19.500 29.100 00.,,00
9. 1O0 28, 000 97,000
0,600 Z5,600 76,400
7,900 _3_400 73,100

Average 10.360 Z5,600

Lagarithnnc Meano Lito 9. 59. Z%5 590

Ma2imum Lead 7., 710N 2, 1720 I',2480

199,200 833,200 0, 477, 000 NF
163,000 S25,ZOO 8,951,000 NF-
104,200 4Z7,300
77,0D0 277,90D

Average 136,000 455,iZ0 8,714,000

Logarithmic Mean Life 128. 500 409,700

WADC T1t "9-326 113
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MEG MAL PROPF-ttEs

bror Chart No. 1

7ype MS 20004
sae 1/4-26
materlial DAIL.-S-6049

Ultsute e~I~6.660 6.760
Yied FAxrcn~th 5,500 5,600

cvý3 uvýv "'l

C(3of'30 c 5zi4 J. 3 53. 1

P~J105,()00 110.000

Pondad 1.448

PSI (Moan kwea) 40,000

LMt No. 694144E:

WADC Tlt 58-3.Z6 114
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TENSION - TENSION FATIGUE TEST RESULTS

10% Preload - Streae Calculated on Tensile Stress Area

Date:- 1-6-58

Bolt Design MS Z0006
Sizc 3/0-24
Material MIL-S-6049
lleat Treatment 160.000-180,000 psi
Thread Form MIL-D-7838
Plate Cadmium Plate per QQ-P-416

Typo 1, Clneet C

stfees Ares• .0876 Sq.mro Inchno

NUt Typo
Si.ylo ýWWV

i~0.O p" 15. 000 v it ;104

11,50f fin 0. 5190, vn0 IO6, vog
I11,000 21,.400 w?, 000
: 1. 50 20, 500 1ov000BO

10,000 ?0,500 69,000
1A.400 21,400 71,o00
17,()Q0 ZO0.00 69,690

Avornaje I -,180 Z0.9zo 7, 580

Logarithniic Mean Life 11,960 20, 9"s 76.710

Mapdmum Load 5. 3.60 3,5046
Stress 6Q-.0mu _ __ 4,0 O. ....

163.000 10. 373, 500
93.400 9,442,ZO0
126,000
190,900
129,700

Average 140, 740 9.97, 850

SLogarlithmic ?Aean L.fe 136.050 8,000. 000

WADC TR 58-3Z6 116
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MECHANICAL PROPERTIES

Date Janiuar v 11, 195S For Chart No. Is

Bolt Dascrtptiorn

Type MS 20006
sizeo 3/0-24
Material MIL-S.6049

Spacillme I Specimen Z
utisLh1-te W&ORIA10 15. 000 15~, 400
Yield "irength 19.600 12,600

Acao ~ ~ ~ Il Ic'h . 300 A6.~t700

?/)?(bgO -`Z:CihiC~i1IA. 103. 6

fh~'3i i _ - Dot DC1v

ho-:0 oi'ble Llw~xv ;"?000 2p. S00
U.3I ',9.600 1iO.9uo

P'SI (Mean Area) 40.000

1.01 No. I 2294K47R

WADC TR S583Z6 117
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TENSION - TENSIONi FATIGUE TE!&T RESULTS

10% Preload - Strets Calctuated on Tencile Streat Area

Date: IZ-20,54

Bolt Design MS Z0O00

Size I /Z-ZO

Material MIL-S-6049

treat Treatment 160, 000-180. 000 pal

Thread Form MIL-B-7838

plate Cadmium Plate per Q0-P-41
6

Type 1, Clase C

Sbrdes Area . 1597 Sqmirv inches

N'ut Typo
Styl. e. FW
Mtc-t~al 15Al1 6R00

Wri|t( •'frCMA1211041 11C ?.3

rMq;ho l(Vroueer

Cap-city 15,000 pit'ed

Spced 1050 cpln

M1.mlis•tl•u .o id I '.0860 15. I'Ma0 iZ. 3000

111 , 700__p ai 93. 050 12Di MAIL -
.StVL o . ...... .. . ... . . .... ... -1

19,700 39.500 103.000

I0.fl00 37.600 90,000

15.000 37,000 06.500

12.900 36.500 04,600

Aver'age 15,.40 37.I0 07.220

Logarithmic Mean Life 15,057 37.-090 86.642

Maximum .o3d 9. 5820 6. 3889

Strooo _____T_____ -.

813.600 --a-,000. 000 NF- . -- .

645. 200 8, 98Z. 600 NF
3311,800
131.900
L30. 000

Average 390.500 8.4 91. 300

Logarithmic Mean Life 113, 720

WADC TR 58-326 119



MECHANICAL PROPERTIES

Date December 20. 1954 For Chart No. 19

Dolt DascriPtion

Type Ms 20008
Size 11Z-20
Material MIL-S-6049

Bol Stenib ot~daspecimen I Specimen Z
Ultimate Tenailo 29. 300 31. 000
Yiald Strength 25.000 26. 000

P.Interial Stvcnmjth 11-9

. 357 Gago SpccInecn
Tuncitlo Strcnjta 17n, 700 176. 300
Tiold stwC113th 157, 000 159,.600

EIO~gdion- ~in 4 l)I',tnctcr

. 35* Gage0 spocil.en 143. 16.4

Re1Ci41lona of Awoa a

.357 Gvoo Spoaclcii 56. Z 60.0

Shear 5!r(' qth - "O lt Boady

Poundo - Vaublo Sliony 31, 690 u1. '50
17,I 105,900 106,000

Pouiads 6.388
PSI (Mecan Avon) 40,000

Lot No. 11S4M40A

VIADC TR 59-326 120
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TENSION . TENSION FATIGUE TEST RESULTS

10% Preload - Stress Calculated on Tensile Stress Area

Bolt Design as Z0ooI
Size 3/4-16
Material MIL-S-6049

Heat Treatment 160, 000-180. 000 psi

Thread Form MIL-B-7838
Plate Cadmium plate per QQ-P-416

Type 1. Class C

Streoa Area 0. 3724 Sqturn inches

Nut Type
Style 42FVI
Matcvial ATM 07WdO
Heat Treatment Rc 30-34

Tooting Machin.
h'A11te wlýn
Capacity 60,000 powid

Sued 050 Cpm

Maximum Load 37. Zd00 Z9. 1000 V. 310

Stereoa 10 0 o.Q00Psi F.IIL-11 60.000 ol

15.700 76,100 1.532•000
15,100 75.400 1,067.700

14.Z00 75.400 467.700
13.700 6Z.600 213.000

Z.600 61.800 201,3100

Average 14.160 70.Z60 697.300

Logarithmic Mean Life 14, 130 69,900 507.200

Maximum Load 18. 620# 14.8969

Streas 50.000 i 40,000 psi

It214.600 8,746,000 NF
3.106.300 8.681.500 NF

4,872,100
983,000
849.700

Average 2.205,140 8.713.700

Logarithmic Mean Life 1,728.000

WADC TR 58-326 JZZ



MECHANICAL PROPERTIES

Date March 28. 1955 For Chart No. 20

Bolt Description

Type MS Z0012
Size 3/4-16
Material MIL-S-6049

Bolt Strength Potnnd_ Specimen I Specimen Z

Ultimate Tonollo 70, 600 7Z. 600
Yield Strength 60. 000 6Z. 000

l.iato-pri Strongth PSI
.505 Gage Specimeon

Tenoilo Strcn3th 177, 700 177.700
Yield MIvcn3 th 16Z., 800 162, 000

.505 Gje Spechinen 14.7 13. 9

Itc(~netion of Area

Gago Specimen 43.0 44. Z.

Shear Stren,(th - nolt Dodi

Pourdel - Double 5hear 92,000 95, 300
v t01.100 107,900

Falylo Strungth P 0 000,000
EYclo9 10vo- Low Lead

Poando 14.895
PSI (Mean Area) 40. 000

Lot No. 216S94P?7

WADC TR 58-326 123
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TENSION - TENSION FATIGUE TEST RESULTS

Date: 7-18-57

bolt Design MS 20016
Size 1-14
waterimi MIL-S-S50•

Heat Treatment 160. 000 psi
Thread Form MIL-B-71138
Pinto Cadmiumn Pl~atc V.ew M-P-416

Type 1, Clisee C

St roaa Are,.% 0.96791 6.qtiOy i3ch,0

Nlatf00al ApI 071,0

A12,00Y 3.0

0?.0. 0O0 4 300-0
,6.•d500 448n

•,•=,••J•L•:-001,.4990 67, 9100 53, 7(000

Stom I?. OOD P11! j100 000, pu P o1o

16. ZOO -4 3,0 1,o•31.30o0
16.900 44, 800 13Z, 300

19.100 51, 30D 212,000
Average 15i W" Y 43. 460 128, zoo

Logarithmic Mean Lifo 15.160 4. 740 118,400
S..........---------------------------------------.. •An ..........

Stress 60.000 psi 0000 _pisi

1,076,800 0.000.000
a, Z76. 000 8,000,000
Z.831.000
3.665.000
4. 190. 0 00 ____

Average Z,.6?, 700 0,000.000

Logarithmic Mean Life 2.544,000 811,000,000

WADC TR 50-3Z6 125



MECHANTCAL PROPFR lIE

Date Jl t 97For Char* No. 21

HoltI Decrciptionl

Type MS 20016

SAse 11"-14
MIL-S-5000

UirtoTe.nfil1o 126,000 IZ7.000

Sivctt £1,00 A17, 000

ec wn3?. Soo0 34,000

Vicld ~c:i31.*?.50 ? 4

. 50!5 61130 SFpI,1151 10. 01.

.50-5 Gago SZ.ei 0!.

Shear Shopl~tb - olt lRhdY

-1finl~hi sb.SaN 156,000 156,090D

vw 9130 99,300

stv e th 4 H 00

* Pomnds33,955
PER (Mean Areas) 50,080

Lot M~O. 89

WADC Ii S9 503Z6 126
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TENSION - TENSION FATIGUE TEST-RESULTS

10% Preload Stress Calculated on Tens-$ Strir-e A area

Date: 2-26-57

Bolt Design Stud
Size 1/4-28
Material MIL-S-6049
Heast Treatment 160,000-180.000 psi
Thread Form MIL-B-7838
Plate No01

Strean Area Unengaaed

Nut Type
Style

Material
Heat "r'eatrnont

Teoting Pachine

Capacity 5,000 poutd
Speed 1650 cpm

Ma~cimum Load 5, 79gZ. 5,0600 4,3440
Streo 160.000 pa_ 140,000 2J , 1O0.2

týiptl Itcd j!Llaed lep~ed plted

5j600 70.000 12,300 362,000 01,300
5.600 56,500 16.400 350,800 90,ZOO
4,800 32.400 17.100 169.000 101,300
4,700 18,500 17, 20 133.500 124,600
4,000 17,000 94,0 20

Average 4,940 39.160 15.1150 220,060 99.350

Logarithmic Mean Life 4,912 33.540 15.610 191. 100 98.060

Maximum Load 3.620# 3,2500: .. . ... Stress -- .. . ...... .. . ... 1oO;O0t2pe1-------- -90•-000- ...... ..... .. ....

S11.,SOLo,200 NF 9,188,300 NFS8, ISO. 300 NF 6,183,800 NF
6.145.300

3,650,900
Average 7,361,900 1,.686,000

Logdarithmic Mean Life 6,772,000

WADC TR 58-326 129
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MECHANICAL PROPERTIES

Date March 14 1)957 For Chart 1i1. Z- and 23

BIlt Descript•Ion

Type Stud
Size 1/4-26
Material MIL-S-6049

Bolt S !Eu !ý sp ecim en I 'Specim en Z

Ulttiiate 1'enolle
Ytold stva0•th

.113 G,-go 5pciwen
Tennile Streiigth 10 1.000 184,• o00Yield Strength 17Z, Soo 171, NOMcte1a. Sl~cpg injacta

.113 Gage Sptch •e0. 3 11. 0

tIxerueion of A'cri

• 113 (lage Speclisen 51.0 51.0

Poeunds - Double Shear

Fatigue S t"ength 8 0, DOD.ODD
Cycles 10% Low L~oad

*Pou-nda 3,475

"* Lot No. 74

- t
SIWADC TA 58-3Z6 130

'- i:' : - -:= .. .-•. ... -.- 7 .. ... .
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TElNSION- TENSION FATIGUE TEST RESULTS

10% preloid SWiLSa, Cakl;,atAd T-' -4. A&U-- Avie,u

Date: Z-Z6-57

Bol~t flauign Stud
Size 319-24

Ma~terilMI--64
trea Tretmen 16.000180.ODDpsi

Mat" Nomy

I6Q.OOOll 1'30,r1c 00 toIZtO "

6.400!i Kru .600 140 7.
Cap700 16..000 Pound 6720

,3 0 50 u330 _ 630
6,6d 410 1650 ZIR6130 4601100

Lotnrjtm c 1or ie 6U.000 20.6 110,0 11,00 7.0870,4 00 n

uUtp044cu Plated
0.051,00 ao.,ioo, W.00,6060 ,0

478,400 26.3,OD 11.000,000 0
268,400 124, 800 1.00 7 50

54.400 16.3000 1.Au 6, 0
At910 44 3306.0

Averalgv 6,6490 1.ZO4 3.0 0 .000

Loarithmic~ 14lar Life 6,5.20 116,600 1,0
1`ADCxu Loa 581.306 13308

4~U p td--- --- ,--*** *- ---
1.5,0 80 0 .OD D

478,40 1 A3, 00 8.00,00



MECHANICAL PROPERUTES

Date. Fbur Z6__ 195 For: Chart No. Z4 .nd 25,

Blolt poscriptian

Type Stud
Si i.o 3/ld-24
Matetrial MIL-S-6049

Dol Stcnth~'ouloSpeimen I Spechlcmn Z

Ultimaite Tonfolic

* ?.1at~aia iren tc;th P'SI

Z5 6."I Specilrikell

Yi(Adt Stwel-tifl, 165.000 161.* 300

-10agItAioll illa I~ DI",,ictow

Z57, Gaýgc SpciltIv 15. 0 16.0

Hc(UEtioll of Areai

25 Gago Spacilawtn 53. 5 54. 5

Pounds - Double Shear

yeS lr 1aw, oI t1 d !

Pounds 710011
PSI (Mc.an Area) 830, 000

sLot No. S

WADC TEL Sff-326 134
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TENSION - TENSION FATIGUE TESr RESULTS

- 10%k Pr~eload - StraaaCl e T..'. StrzA#-

Date: 5-29-57

13lt Design Stud
Sire 1/2-2O
Material MIL-S-6049
H(lat Treatment 1606 000.t10, 000 psi
Thread Form MIL-B-7838

5t AS•irep .1597 .4fq.ro iuchoo

NAt 'Typo
stylu

"J'[tl,, ba cTw ha

f;• (l 050 c:i ,,o

?.i3,95,0 !, 350p 19m1.')

c 0 .1 a or., lA.000_•Dl IVO. COO p•!

10,900 20,'00 a6, 800
i,.000 34, zOo 161.900
15,200 37. Z00 ?,Zg, 00015,.100 -W6. 900 - 358.000
M8 300q LO8, 40 9 Q /-1? 600

Average 14.2ZO 53.4805 w1.&6(
"gaythlourc mean Liflf 13.925 45. 310 212, 100

f.l1oIt1IuJin Load 17, 5670 15, 9700
Sressa 110.00W nal 10 nn ,,•i

368,200 , 200,C00O NV
1.836, 100 8, zoo, 000 Nf'
6,500,000 NF

166,900
1.107.200

Average 1- 995.101 8.200,000

Logairithmic Mean Life 959,200 8OZ00,000

WADC TR 58-3Z6 1-ý6

7_-7-7i
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MECIUAM4CAL PROPERT1IES

Date Ma .15 For Chart No. 26

Bolt Dencriptior'

Ty"e Stud
Size 1/Z-ZO
hMstexial, Nif.-S-6049

~iot Se)I~O~1~9 Sp#edrneii 1 Spncirncn 2

Yield fiienrth

Aciv11O !sc1jVII 1 A0 00 In, 500

YieIM f"irci'0 16, 000 165, 000

* 3W1 Cgz'o Speihacii 16. '3 P?. I

ltcaý!U-10n of Aven

*3 5 i r u,~ CjcI mu It 51.0 50. 3

shoev strength - wiolt Pad

Po -~ Dou~ble Shear

Cyclem 1% Low L-id

pou d a 15,970

- ~ & P~(Mcan Area) __10.000

Lot Nor. Go

WADC TfR 58-326 137
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TENSION TENSION FATIV4AI TEST RESULTS

~ ..in Sty-Skra C-ttruaI"e nn.Trniý I nn Area -

Date: 9-19-57

polt Design Stud
Sime 3/4-16
Material UIL-S-6049
lHe-at Treatment 160. 000-leO, 000 pal
Thread Fo.'m bMIL-A-7835

,Streon Ar'ea' 0. 311" FSiliv-ire inchra

Out iT e 'fn a

?4 -.,j.. ,city (.9 .£ C91 !);.-IJ:t

7.100 4.i COO 10. '00

Av -ge5, 7gO 7.109

L•.ogarithrralc Mean Life 7. 302 52.200O 20. 390

Maturod4"4.6589 40.9649 37.7.409

M,,•Inmr Lead--------------- . !10_0!01 nat 100.000. uao
S Plated

75,000 82,.30---•0 426.000 8.000.000 Nf"
194.000 ,96.800 498.000 8.000.000 N1,

•0?,0 0 11t 30 .' 50

169, 00r; 15. 100 110.000 A

7.16,000 .00,000 -

Average CO, 00 IO.600 561,400 2 .000.000

"Logarithmic Mean Life 191.500 107.800 52, 100 8.000.000

.WAD T4L 540-366 130 4

-- , -- . - - -. . . .. . . ..-- .. . .. . -, -, _



MOCUAffIGAL PROPERTIES

Date M"y 1?. 1957 For Chart No. 27 and 28

Type Stud

M~teriaLMill-S-6049

..peeh~ieSi 1 pecln 2

V00 gozi W'o 0' ,-• -, •l, 00 163. !00

.!;(5 CI ,- ::=i10 ,A 51,.0 50.4

A ).t; -fe '0t R A o)

I auxiu • 37.240
153-c WMean Ames) 100. 000

It M flu. 77

WADC Tit 50°3Z6 141
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TENSMM - TFINS[ON FAT~IGUE TEST RESULTS

10% Pweload -Strome Calculated an Teoallc Stram~ Area

Date: 12/Z7/57

Biolt Design stud stud
Size 3/4-16 3/4-16
Material AMS 63Z? AMS 63ZZ
flega 'iiealtinent 160. 000-180, 000 psi 160, 000-180, 000 psi
Thread Form Cut UNF 3A Groundi MIJ..-fl-7838
l'late None None

Sitv'eas Ave~a .37M. pwaven lrkichep

Mit Tylv Ui'e1Ui )u

Mn- 'ci~Ian.Ii

Mv~i xv VIvy
60, 000 1,x'ttif 60, 000 pouill

IIul37, MON5 2409 IO

19.000 34.000
?191000 52. coo
41.000 50.000D

Loaid 29. 7940 Z9. 7920
Stromo i0YqR0_pal 60,00 pitv~f

82,000 98. 000
97.000 165,000

Moad 22,3449 22,3449
Stroea 60,00 SI-0ymi-

331,000 1, 300. 000NF
706,000

WADC TA~ 58~-326 143



MEC'HAWCAL PROPER TIE.S

Date December 28. 1957' For Ch"-- No v9

Belt Description CutTh Ground Thread

Type Stud Stud
Mo.oe 3/4-16 314-4I6
Matorial MAILS-6049 MIL-S-6049

Ualt Str ength PoTiinde Specimen I Specineas. ?. Specinen I Specimen Z

Ullhniate To 011a
Yiold Stregth

.505 Gaa 4rpo•miel
'Jo sivellgill 115. 000 vo ,000 166.000 !fig,'oo
Yield Siventh 165.000 161.600 152,500 15,O00

* 509 Glo Gpochaoll 13.5 11.5 13.5 10. 0

fIlctdusioll of Area

.503 Gao splechl.ion 55. 7 5. .1 50.9 61.1

SJpar Ejtrcnqth - Jolt Beotd
potina• - D.~ublo Sh~av

PSI

Fatigue Stve -AIV- 8 _0OD 000

Pounds
P91 (Mean Area)

Lot No.. . . . . . - -

WADC TR 58-326 144

AI
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TENSION - TENSION FATIGUE TEST RESULTS

10% Preload - Stream Calculated on Tensile Stress Area

Datea 8-29-57

Solt Design Stud
Size 1"-14
Material MIL-S-5000
Heat Treatuent 160,000-180. 000 psi
Thread Form
Plato

Strees Area .6791 Square Inches

Nut Typs Uncngnaged

Toc'e3 E.1-c2',MJP

Scod 500 ep,-a

gA&i 1,r K-oad 108.,6560 101, 8650 95,0?40
O~JD160,0000,i~ pA A~~O2 0. 000 Vul

0,600 60.000 124,000
13, 100 60. 000 73, 100
14,200 66,000 76,800
19,200 69,000 135,000
22,300 ý6 60 51,000

Avejeage 13,4E 80 70,200 111.980

LUgarittl-rvc Moan Life 13.900 69,090 93,00

Maximum Load 81, 49z# 67.9100
Stress 1200,080p 10D, Cal)2 2

166.000 8,000,000 NB'
"174.000 8. 00000. 0 Ni
207,000
816.000
540.000

Average 380,600 8.000,000

L-arvihmuic Mean Life 306. 300 8,000,000

WAVC TR 58-326 146

.-----------------



MECHAMJCAL PSROPERTIES

D ate Auguast 29. 195? For Chart No. 3

Bolt Description

Type Stud
site V'-14
MAaterial MkII-S-5000

Bolt Strength Pounds Spaciffin I Specifneli 2
Ul~iamte Tensile
Yield stf'ength

TeCo1010 Ove-j-th 179,000 1601,000
ul(d VhW'i iZ, oO In, Soo

.905 Gvigo 5tir 13..5

tic .'c~wIoof Arca
505 GAge U.30c1ne,, 52.0 0., 3

0I'~v 0tcncTh flit ino4z

* Pu~o Dojiblo 01hoag.

Y~u~sL000,,000
Zi-e icy- Cow LoýAad

Pounds 67.910
PSI (Moani Arcal 100,000

Lot No. 199

WADC TRt 593236 14?



- -------- WAD T-sa6-



.i 
r

_______1---

WAD TR __~q



TENSION - TENSION FATIGUE TEST RESULTS

10% Preload Stress Calculated owTensile Stress Area

Date: 5-13-58

Bolit Design MS 20004
Size. 1/4-28
Material MIL-S-8593
lieat Treatment Z20,000-240,000 psi
Thread Form MIL-13-7838
Plate Cadmium Plato per QQ-P-416

Typo 1. Clans C

Stress Area .0362 Square inches

Nt~t •y~

Stylo I.,\/N 2
Material AISI 0630
Heat T'eatwtvent Itc 27-3z

Tectinq Diachilne

Cap'c ity 5.000 pov..ad
Spcee 1650 cprfi

M.i•fitiim Load 5, 0600 4, 3440 3. 6200
140. 1 e0o00i 1Z0,000 6ei oOoo

31.100 52.100 62. 900
29.000 50,600 433,900
ZZ, 300 49.300 354. 500
18.500 31.400 135,900
14.300 83.800

Average Z3.040 '35.050 370,000

Logarithmic Mean Life 2Z,140 44,830 Z71,600

Maximum Lo3d 2,7100 2.5340
---- ---- !-. - -~UVPf-----

5.612. 100 NF 10,283,300 NF
s. 421,000 NF 10, 283. 300 Nr
3,463.200
2,451,700
1,862,5500

Average 3,762,100 10,283,300

Logarithmic Mean Life 3,409,000 10. Z83.300

VIADC Tl. 58-326 150



MECHANICAL PROPER TIES

Date May gss For Chart No. 31

SotDscri laon

Type MS Z0004
Sine 114-20

-1 Matoeril M.ZL-S-1503

Mokt SpScwnhen I Specimen 9

UlUmato Tensile 9,300 9,350
,Yield streilth 7, 900 8,000

O .tewh i Z34. 000 Z36. 000
viold 190.000 190,000

'!c3 ( G'3o Ocich. 16.5 16.5

.113 Gnhja Speintcir6c 4 4,

potmnde - tmble shoer 
13e zOO 14. Z•'0

PSI 134.400 145. 000

GvCle 10% Low Load

Po~ndgZ. 534
PSI (Mean Awen) 70. 000

Lot No. Z79S4148A

VIADC TR 58-326 151
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TENSION - TENSION FATIGUE TEST RESULTS

10% Preload - Str6se Calculated on Tenaile Stresa Area

Date: 8-13-56

Bolt Design EWB 22-4
Size 114-28
Material MIL-S-7108
Heat Treatmnent .20. 000-240, 000 pal
Thread Form MIL-13-7838
Plate Cahniwui F1htoburate per NAS 672

Straea Area .036Z Souaro biches

Nti t Typo

Style 1'WN 22
Matcrini "qMS ~

Caepcity 19, 000 p3o0'.id

."poedl 1050 cvmi

.1r-,k-l J&ýI,, 5,06.9. 4, 3010 3,(6Z00,
'itwe° 110. 000 pA W.1 oo 000 po 100,000 po i

39.600 59.600 1,837,100
29,200 56, .00 551.300
16.400 49,700 355.300
13.100 41,,300 Z17,.500
9.100 24.,0 106.500

Aver's.'3 k1.400 95,860 613.540

Logarithmic Mean Lifo 18.660 43,400 303,900

Mwadmum Load 3,2589 2,8969
Stress 90.000P 80.000S

.. .... ... .. .1,2600 - 9,74•8600•NF .. .
1. 160,900 9,744,800 NF
1.085.000

387, 700
225.000

Average 816,200 9,744,800

Logarithmic Mean Life 669%400 9,744.800

WADC TR 58-326 153



MECHANICAL PROPZRTIE_

.. . .. . - fh.. .. • - n S # • 8 3 Jr W S' f le r t . - W a

Bolt Descripgton

Type EWB Z2-4
Size 1/4-28

Material MIL-S-7108

Bolt Strength Pounds Specimen I Specimen 2

Ultimate Tensile 9.6Z0 9.940
Yield Strength 8.000 80300

. 113 Gajo Spc.hison
Tonnile Strength 237. 900 2-go00o
Yield st'ength 227,. 00 247, v 00

ElOn'a112Ao~ - % in '~f1r5ic

.113 Gage Spocirmon 12. 9 1?. 5

.113 Gago S•p•c•ton 32. 0 34. 0

I e'e-r eh - 53o01 oyI

Pouyids - Double Shear 13, 8020 13.680

PSI 140, 700 139, 300

at Stength_ O.000 00
Cycloo 107; Low' L*.zd

Pounfae 2,896
"PSI (Mean Area) 80, 000

_ Lot No. _____62RS917Z

I- SWADC• 
ilR 58-326 1.54



* MECHANICAL PROPULTIES

Bait Deverlption

Type EWB 22-4
*Size 1/4-28

Material ?MIL-S-7108

Dolt ýtr.Rh_,ounds ~ Spocimon I SpaeLmon 2

UlUiimato Tang1lo 9. 6ZO 9, 940
Yield Stweng1Ji 8,000 0,300

* ~113 Coago gpoctiien
'rcnEA10 SUt0173gth Z37, 900 Z,59, 000
Yicldl SiV0139tb 22'4500 24, 500

.113 (iaag 2pcocivaon l? S1. D

*.113 Gi'go Spo~imen 3Z.0 34. 0

*Pounds Double Shear 13, 820 13.680
-*psi 140,700 139.300

FaUAuO stiougJm 01000
* j ycle 1O~Lnwi Lo-ps

Pounds Z,896
PSI (Mean Area) 80, 000

Lot No. ___620S9172

- IWAJDC iR 58-336 154
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TENSION TENSION FATLGUE TEST RESULTS

10% Preload - Strees Calculated on Tepoile Stress Area

Date: 3-28-S7

Bolt Design EWB 22-6
Size 3/6-24
Material MIL-S-7108
fleat Treatment ZZ0,000-240,000 psi
Thread Fornm MIL-B=-7838
Plate Cadmium Fluoborate per HAS 67Z

Streos Area 0876 Sq'uaro inches

Nut Type
Style EWN AZ
Mtaterial At,53• 62A00

Heat Tfeatinlnt 11c ?7-37

"l'eotinn, M!a c iiine

r..MMe u'oirco
Cnpaclty 1•.000 pot'•-l
Spec cl 1050 cpl.,

Maxiimuni Load 10, 51Z9 0. 7600 7.0030
Strnou I1"2-0-q10,000_jpn i 100 1tyi l.000 ai

28.o00 168.500 430,400
?1,400 107.300 3716.000
19. 700 98,'400 Z69.800
18.500 77,000 Z14.400
15,800 54,100 173,000)

Average 20,840 101,060 294. 3ZO

Logarithmic rMean Life 20.520 94. 180 2'iI. 500

M•ximum Load 6,13Z# 5.2560
Ad -0- 2 60. 00 ps

4,ZIo.000 0.379. 000 NV ..
4.000.000 NF 8,379.000 NF
1,560.000 NV

547.600
547,200

Average 2,174.660 8,379,000

Logarithmic Moan Life 1.511,000 8. 379.000

WADC TR 58-3Z6 156



MECHANICAL PROPERTIE9

Iwto Morch 28. 1957 For Chart No. 33

Bolt DescriBpon

Type EWS 22-6
Sir* 3/8-Z4 x 4 11116
Material MIL-S-7108

AMolt Strength Pounds Specimen I Specimen 2

Ultimato Tonsilo 23, 300 2z. 800
Yield Stvength 21, 275 18,000

MatevalR Sireiigth PSI

TclvAwo S!Vol,31ll M, 300 M10
Yield fThrcw3fh 206. 100 Zoo. 100

_______ - V ini 4 j __ __ -, _

z• Q-3? G."t•o ch;.1tal 10.50 19.0

. z (z U!30 MLc'mf •6. 0 4V. 6

Poundo 1youblo Shio:' 30.750 30,900
PSI 139.300 139.900

Ya~n Ste~g s000, 000
Wg le 10%4 w o10"d

Found@. 5, Z56
PSI tMcan Area) 60.O00

Lot No. 629S9K75

WADC '[M 58-326 157
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TEN~SION -TENSION FATIGUE TEST RESULTSI10% Preload - Sthoms Calculalted ors Tensile Stromi Area

Dolt Design ms 20008
Sine 112.20
mateoeial MIL-S-8503
hfeat Tsrextinont U20.000-240.000 psi
Thirea~d Foirm MIL-B;-7683
Pla~te Cadminum Plate per QO-P-'416

stress Areai 0. 1597 squiror inch'.0

SiV1o )1,1N 71.

Glr., (1050 CO.]~

siroo D.000) pw1 100, COOyD V 9.0.4)

?4, 000 54,18uo 770

Z1,700 49.S00 613.000
18.300 055,409 fts.500
16 sod*0 -W3 43,oD Z 16

13,000 37,900 51G0
Aeae18,700 46,160 499, Z40

Logarlthi-,de Ltewi FAte IOIZ90 45,810 451,309

Mamdmum boad 11, 1799 9, gazo

streas 7000 Da .O~ l-~ 60.000 U --

0,000.6000 F 8,020.500 NY
8,000,000 NV 8, 020, 500 NF
3,780,000
2,393,000
1 114 '400 ____

Average 4.8W.M . -020.50M

Lagarithmaic Moan lAf0 3,564,000 8,020O,500

~VA13C TR SO-326 159
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:f N#WN -TENSION PATIGUE TEST RESULTS

10% Pfeoui - Strveg Calculated on Tensille Stress Area

Dae: 8-13-56

MU131 admigft two 22.8
oil" 1/2-20

Mfaterial MIL.S-7108
Mlet Treatmntn Z20,000O-240. 000 psi
Thwoad Form M.IL-B-7830

PlateCadiniwn Flueborste per NAS 672

Wassu AvPA- .1597 Square hicihes

15.000 Inm-
1050 cpn.)

P~~-~ nA19, it11, 9 ois.gu 1?, 1769
0 0 0 P ý100,000go pat 800,co

34,600 104, zoo 8,'194,8(00
;00,800 100, 700 5.0,9C1~00
19.10D '12,500 Z'885,900
18.100 63,000 Z82.000
13,000 60,000 2R.1,-00RR
23.77-0 96,080 3.517,700

%Ný1II.,IIII M0,111 We1 22,1560 87. 340 1.,53o. 000

P11,111iii 11.1790 915820

51820,600 8,290,200
5,346.800 8.290,200
4,038.100
3,?23, 300 ____

4if.z 68..2G0 '90,260

t.milovihmio Mean~ SAfe 4,459,000



MECHANICAL PROPERTIES

Date Au.. unt 13, 1956 For Chart No. 35

Ilolt Dcucriptlon

Typo EIMS 22-8 - MIL-B Thread
Size 1/2-ZO
Material MIL-S-710B

Bolt Strength Poundl._
Spccimrn I Specimen Z

Ultimate Tolwnle 41,700 41,700
Yield Strength 30, 0.50 31, 500

.357 Uagn Spea
T(':)mile sir-c1,4th Z39,. 000 ?.3(),000
yie:ld trellogil ZO?.. 000 19(,000

r-oi~;o in; 4~ Man

* *57 (wile ))cclrivaul 11.6 11. 6

educt~on of vea -%

. 357 ('1ag S1)CChaWin 50, 48. 6

• S;hear Streiiglht lot HolttBo

Pou-til kiiiuble Shear 56,900 56, 00
PSI 2-49,700 ?R6. 200

Ki•jua Strength t3 8, 000, OUo
Cyceu 10% low I~uad

Po'unds 10, 700
PSI (MIteas Area) 67,000

Lot No. 630S9M94

WADC 58-326 163



I -

�- �-

� 0�

liii

___ I
lipI- � v�

- I
0 -�-��-4

---- +-- 1 ¶

I I
L � I

- 4

------4 -- t ---- t�2 It
V

L � U1- ..J-
� �I -'

4
� - -

�

.2A� hi,

- -------- �
�f�ti�� - - - 1k

- �=�--- - - I - - - -
- - ---- �� - - T - -

I -
- -�-�---�-�-

-. - 2Z�1� �d�S3I11.S if -
'I

i�j j� �
WA�G �



TENSION - TENSION FATIGUE TEST RESULTS

10% Preload - Stress Calculated on Tensile Stren. ARea

Date: 7-18-57

Suit Desmin EWB 22-8
Size WIZ-Z0
MWterial MIL-S-7I08
Heat Treatment ZZO. 000-Z40, 000 psi
Thread Form Ifihh Radius
Plate Cadmium Fhioborate per NAS 67Z

Sitrces Aren 0. 1597

MR~i Type
Style. ELWN ZZ
N~atwr&,1l A.P.I.S 6?80O
llv•, "• ;.l;"l,.+t It,= V,-3?.

(CApe4clty 00, 000 pnutind
Slperd 1350 cpill

M'I'l.-it+,n U.on 3•, flo 19. 16•I 15, 910p,

"tre~a40S 000_p,!;$ U2, 0 00 Vak )00. 000 11.51

11,000 i•., 900 305,400
1o0 500 93., 200 30. o00
Z3. 100 43.800 Z86. 500
54.100 o ZO,.000 125.900
37.600 oZ. 300 142. 600
3_i 30.300 toP. 640 218.180

Logarittuntic Maean Life Z?, 500 103°600 Z03. 000

Malmuwn Load 14,3830
Stress 90m000 psi

8 000,000
Average 8,000. 000

Logarithmic Mean Life 81000,6000

WADC TR 50-3z6 165



MECHANICAL !!ROPER TIES

May 16. 19S7 For Chart No. 36

Bolt "gl ritlvn

Type F.WI ZZ-0 Hi1gh Ra~dius 'Thrv~at
Size liZ-2n
material ?4II.-S-7tOI8

linit ionde I Sp.ccilmen Z
IJltikinato ' fnlile 43.000 43.000
Yiq'ld S'trentiat~ 30,600 30,000

*357 clagc. Sj)'pecamen

Yield Si~r(1ilti 1911.* UID zoo. 000

V- (.a31? SjJCir .civ it 11,6 1!. f(

ItcuFict~io~i (d Ar ca

* 157 Gaige sperill-wen 49. 4 49. 4

VOVld fDLuubi StVhe ~ 56, 900 56. zoo
psi ?.139' 700 ZN6. ZOO

Faiigue~ StrengthjA~f,0O0, 00
Cyjcl.es10% L~ow Lfnid

Founsdo 14. 373
PsI (Mean Area) ()0, 000

Lot No. 117

WADC TR 58-3Z6 166
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TENSION - TENSION FAT!!aUE TEST RESULTS

10% Preload - Stve-z Calculated on Tonatle Stress Area

""Date: 11-4-57

Dolt Design EWB TMi 9-8
Sie WIZ-Z0

Material Vacojet iO00

Heat Treatment 220,000-240.000 psi

Thread Form High Hadius
Plate AMS ?Z4A16

Streno Area .159" qu:lro 1nchea

Nut Tyjr~
!tylc ,IV/l'J "•,'1 9

Ic't e'I'c |taent Itc 17-3?.

fe eliog f%1M,1 1iltt
1.1-1kc Ivy
Gip-Ifity 60,000 pon)-nd

V.~•:u~n;.ad ?6.87160 5 .. ,.30

htce& 10_ Out.0' pltA 160,000 pal 140. 000 p

6,000 19,000 o5.000
6,000 23,000 135,000
7.000 3Z,000 154,000

10,000) 32,000 177,000

10.000 36,000 Aoý,0oo

Averago 7,800 •8,400 168,600

Logtrithmic Mean Lile 7,591 i 7,630 15;, 600

Maximurn Load 19.1640 17.567#

Stress 1ZO.O 11 ,000 0i

- . -. ......... . . .. .. ... .. . .. [1-41,-00G .... 9, 3[ 000

1,331,0000 8,746,000
1,545,000

Z, 195.000
2, 40,000

Aver•g•c 1,690.000 9,000.000

Logarithmic Mean Life I,631,.00 8,000, 6cf-

WADC TR 59-326 168



MECHANICAL PROPERTIES

Date 3uly 26. 1957 For Chart No. 37

Type EWR TM 9
Size 1/240O x 5
Material VancoJet 1000

Bilt Sircngth Pounds pcn~

Ulhtimate' Tenilie 41.800 40.000

Yield .1;1 '*ifittl 3'1. 500 1)00.000

Matowat Si-cuihi P51e~

1Snil!!rkngel n5,0000035.000

(;yclca 10% L~ow Loaid

PounuI 1,5 )
PSI (Mcdfl Arva4 110, 0:-z

Lot No. ZO?

%VADC TR 58-326 169
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TENSION -TEN.StO FATIGUE TEST RESULTS

10*t Preload - Strasa Calculated on Tensile Stress Area

Dlate: 4-1-57

Bolt Vesign K.w" zz-Iz
SiTe 3/4-16
MuIterital N1IL-S-7108
I1'at Trroa1'i,'ft ?Z0000Z40. 00C psi
1hi1rted 1Vorm) MfL.-f-76jeft
PlIate, Cadmiujm 1 luohorate joea NAS 67Z

54 trvoa Ar . 3'14 Sq"ncre Inctwn

Nu~t Typec
Ilty~e*.N t

MilturiolAM! 6210
;rv~kt Tre(;d lil t It1c ?.*J-

Cap~icily60.,000 potind

stvcn 2?,U0.P pvt !00, 000 1)!1 80, 000 Pei

4.400, 15.100 74, 6D0
0.000 16.10OU In.t00 0

1.0019. 700 163.490
7.700 20.0ODD z05. 200

tq.fmf Z1. 300 213. 400
Avorago ~ 416 i k 1846 157. 016

14garithyt.11c Mean Life 6.800 18.280 127, t00

Maximnum Load 22. 3440 111. 6Z0
Stress 60. OOýWa 5 qZ.6 el

547. 500 S. 143, 200 NF
Z. 3z 1. 800
7.398.900
8.194.300 ____

Average 3,772.000 8.143. 201)

Logarithmuic Meani Life 1.987,000 8.,143.200

WADC Tit 58-3Z6 171

ft



MECHANICAL._PROPERTIES

Date AvrilC-b.1957 v________No

Type iWN 2.2 Il-Wf hrrad

Size 3/4-16

Holt Sre~r1Mth Vouido

0Uiihlm e Tensic.f 96, 000 95h. too

Yield str~iigth T0 100 70. 100

Telloille S~m4IIgt zilo, 0"O9 ?31. 0o~t

Yield ýStrwii'gth 1O07. SOO 19)1 , 'AM)

I1k-euti'oti of Area

.505 #,-1f3 S-ý( wca 9. 649.1

Pomidnl - [)OUble Shear 126, 000 12n. 000

PSI 142.900i 144. 100

Fatigjue Sircnath P 8, 000, 000

SXSIkSa_!Rr! Low ' oad

Pvwu-ým - . - - -- - -- --- - - - - _ - - -

PSI (Mean Area) 55.000

Loat No. 8s

WADC TRt 58-32617
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TENSION - TENSION FATIGUE TEST RESULTS

10% Preload - Stress Calkulated on Tensile Strese Areah

Date: 4-Z5-57

Holt Design EWB 24-12
Site 314-16
M~ater ial "~lIL-S- 7103

Ifesat Treatmelat ZlO, 000-Z40. 000 pi~
Thread Form II1gh Rladidus
i'ate Cadmiunm Fuhnorate prr NAS 67Z

Ilitwooo Arezi . 3724 t~qui'e Invtu'

Nxt "A'yt-'

lIt'I t Tw'c,•kblcat Ili-"?'I.g

14,000 4.5 100 "0. 40u
14. to u 3O. 100 '16.coo
19.900 43, e•f) fl?, d100
Z I. IOU 54, .1uO 911,"100

113agI, 3.96 45.600 04.960

Logarithmic MKYean i.fe 18.050 4Z2.26 3• .ROO

Maaiiluin Load 33. 516f Z9.79Z0
Stress 90..,000 Pat, 8OO E pi

.. 33Z, 30 8,6, - . 400 NF
2,637.000D 8,451,20D NF
3.500.000 NF 0,194.300 NF
4,837.500

8.000,000 F ___

Average 4.261.S60 8,506.000

Logarithmic Mean Life 3. 838,000 8.506,000,

WAVC TR 59-1?.6 174



MECHANICAL PROPER TIES

Date April 25, 195? For Chart No. 39

Bolt Duucrtptiori

Type EWO fl-It High Radiua
ske 3/4-16

Roplt Sire jppgh Pounds

UI111uftto 'cnutlo 9'l, aOO 93. 7.0

Yield 5Irefl~tlI 67, (IOU) -to,000

P~ttitFltrrnat? 11til

Yield gtv( lAitt 19--, fl0 190,000

*505 (4g speccltiell 51.0 50. 4

bhuiw Ploll 5)n1Y.

Povnt~n -oUmble 1ha 23."00 12-5, mm
1351 339, 500) 141, 800o

FatlsuoStratf, 000,00

5ixclceslp 10%ow Load

__PSI fikieun Ara _ 00.000

Lot No. 136

WIADC T&l 56-3Z6 175
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TENSION -TE:NSION F~ATIGUE; TEiST RE~SULTS

110%ý PrIoliI - Striuos Caliru.,td olT.'nuile Sir ens Area

Doltflei~n ~W~iIDate: 12-13-57

sive 1-14

11111 Trummutiiii IZO, 000-Z40. 000 lisio
Th~read Form.uh M11 -11t-78l 18
I'II-it,' I .dtlosimit F1uuICC .t)FAL per VJAS 67?

Str-r Arý. 6,11110 slotp1ve. tat hie-;

Cyp

oVdW. (0"1.700 9. 1111

1),.ZO.00 .10( 300 300000

'), ilo Z.1, 700 170,0110
10 oo.7. 360L 361.400

Log.;viqblhi5ý Mc-aI ~ife~ Z11116.1170 154.400

.IIsa.dilurIi JoI'D 1(1I1 54. 32.80

879, 300 0. 1 34. 000
1.11Z.1.1)0 AJ. 01. 000
1. 523. Z00
Z. Z1.5. Soo
3.,706.1300 _____

Avitusge 1.889'. 000 8.00D.000

WAIKWAR 58-32.6 177



MECRtANICAI. PROPERTIES

Naevwei_ý_ EL 1957 Far__ u Chart ING. 40

rypr t EWo n 16
Sirm 1-14
M~t~I~a I ml.-si-7109

Ho itl St ter';n' III, 0flf /b,00

- -I$ - -d 321I

Mthkt TMe rwi l 165.t ~0.00 0 15 0

yffo 1 sio.f *fl8SI 3

~YAD TR 9-3-:41
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TENSION - TENSION FATIGUE TEST RESULTS

10% Preload - Stresa Calculated on Tensile Stress Area

Date: 6-1Z-57

Holt Deslgn Stud
Sir e 1/4-28
Material MIr.-S-A50i

fieat Treatmelit ZZ0, OtJO-Z40, 000 pbl
Thrend worm1 MIL-11-7838
Ilfatc Now-,

:;ty'lv

|]t-:k| t , " t i r- t

wity 1. ('001N )wi

?HU 1111 0 t)f, 16 , 0

9,000 Z. C,00 301. 300
10. 00(.0 91, 300 1 o, CAP
7,.(00 o z), 700 Z41,5200
?, 100 .5, ?0O z3'• 500

A9 r,•. (. OI Y,• 420 03,0.1 ([)

I/o.arhthdtIII M•.'eat I.tft; 9.20 *O ! 060 2R4. 90()

MAnXmurn lAfad 4. 3440 3.98z#

__ , 000 psi I1M.000 pnv

A, 301.900 l.123, 000 jNL
1. 701.600 8. ?3, 00c NF
2.618.800
3. 170,000
*.900.000

Average 3.518,400 8,123, O00

Logarl'hr.tic Mean Life Z,772,000 8.123,000

WADC TR 58-326 180



MECHANICAL PRIOPERTIES

D.Ati Juno~ 10. 1957 F6r chart No0 . 41

Type Stud

Maiterial XIIJ..S-f503

5ý,jlI Stent n I ount lr,

Vif-Id 51rilyth~

0~ 3! 0'I

VA.-Id %!Utvu;th "10. 1:(I( U u. 0V

I.'' c~

16- id Avca

Pun~ntd - thfuuy.r Miji

Lot 140.

WAI)C T1R 58-3Z6 181
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TENSION - TENSION FATIGUE TEST RESULTS

10% P-elead - Stre.m Calculatcd on Tensile Streae AreA

DMtt: 6-10-57

Bolt Deign Stud
Si•e 114-28
lklaterri.,l - AOL-5 ?7108
Ifeit "'re,%tncrnt 2ZO.000-Z40.000 psi"'b vradt VC-1-'1 M|L-H•7WU•

PIAIa Nrne

S -;.o Are,- .03'Z "-4 ;o'o * i.

* 1(0 00.0 1 I (':.1).. } . i 1, 0. 0!00

1!. 40' CL, gO0 l0, Q00 pI&3, VO0

1?. 100 P1. 300 1 4, 800 46J, 900
"I i , t j33.700 16,300 460.000
0, 103 32. 100 ?•.. v0o 4?,5.00o
6,40-9 3I.96 ___ V00.1

Average t0, WO 37.+ Z60 ui.,O Z 403. 200

Il4,gorithiluc Mt.au Life 10, Jf6O 36, 6HO 15,,70 M ,9 00

.f1uui ,,.,,l 1 .t3l 4, 7060 4. 3449
*Stress 1 3 0 . 00o psi A'G Volp

'399.60D 9. 115.900 NF 30.300
4,470.000 9.11. 900 NV" 69,.09i

787.500 139,70D
4,981.000 160,200

A~.'era~e 1,8#23, 000 0.8
Averag~e Z,49.2z00 9.135.900 104.780

Logarithmic IMean 1,;*e 1,64Z.000 9. 115.900 86.200

WADV TR 59-326 184



MECH-ANICAL PROPERTI-ES-

Dite March 14, 1957 For Chart No.__4

Dolt Deftcr!P!tlom

Type Stud

fi 4il Vi(4 V~

5dW 14"'o "qjc 111111.t Ilu

E.YcIrll 10% J,(NW JOA)A

Pnuntlu 4.344

L~ot No. 7

WADC 'ZR 58-3Z6 185
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TENSION - TENSION FATIGUE TEST RESULTS

10% Preload Stress Calculated oan Tensile Stress Area

D.te,: Z-Z6-57

Holt I)eelon Stud
Sire 3/83i84
Material izMk•S-7109
IHeal 'A'reiltit z2GM0 .O-Z40.0U0 101
"t'h1read For.mri MI1-.1-78301

?MAW, A'y1p l wiei im •

1:tylfv

Tchmi l' uhiv" iir I

r 1.1 I 1,ýfj I(t'V(Hf 14,016f

* 1• c,!. ,O.(1!O iD ! p 1,0.00') p01 pot, [1 pIt

15., COO f•1.:0i0 o1,00 ,O, "l0t)
It, 1119 1l, 4-11f; MiD0 iW0 K,4. 'r00

10.200 11 . 'Po p *14. 400 ?6. 390
9,800 10..000 'fI. 100 Z?. IOU

A-l 5ZO 1Z,40 3 0- Z6.. 40

I.'ligrithmir Mr.al.f IO M. 160 P3.010 6Z, J60 9. t60

MslWi~iotll ,iid *i0. 5)2# . 76901
IMI (109 V.:.

3. 136. 9 10 69.800 8.067.300
3115.000 97,400 8.obl,300
492.300 128.300
307•400 I12. 160
286,400

Averago i iC-600 1 6.900 D U067.300

Logarithmic Mectn Lifo 686.800 110.700 8.057,300

S WADC TR 58-.36 act

j
-



MECHANICAL PROPERTIES

nato Febrwary Z6.- 1957 For Char t Nn. 44 _

"Dolt Dracription

Type~ Stud
site 3/0-fl

Mat e Is!MIL-5i-710B

Ut;!! ?Gagerw'tb i'ounttn

Vpelu'a IO 19r7hiiu If

I tln -tiic. 'Li A4-18 I)( 4 ough.nrt

PST' (Wa~ltill Area 100b 0

*a No. (53 pc~r 3 §'n

Witt aR 58-326b 169 ihl
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*rkNJON TENSION FATIGUJE TEST RESUVLTS

- ojý l0i( reload -Strove Calculated an Tengile Stress Area

mitne: -9-26-57

flolt Iei.ug" Stud

NI'trria &Il.- 8.7 10ll

1feat TreatoolW ut ZO, 000-M4. 000) pa

ltruiau Tve l~7 ql*uu'lttt

C', p:91 
I

re--g 18 VoJ!B! IOpjfoQ tint. 140.j 0111

21111 ~zf. ZOO ,00
GO i? 1,00 601

10.9J00 34.000 79, 10LW
100 41A000 110, so0

lt.fl00 4 1, 000 !95*300

Aver~ige fi~.A*6 '33.9?t lQ,0

Logarithsillc Meali IIftx 10,9 oo.4~

meahnuum- Load ?0. 7610 19. 16-30

IUOCD 8.431,~000
326.00D 0. 306.OGU
196, 000 8.640,000
208. 000
ZIG.00

Avorage 184.400 80 0 00 00

Logiitihnfdc Mean Liflo106. 100 0000

WADC TR 50-326 191



MECHANICAL PROPERTIES

Date- 'A 8. 1957 F'or Chart No. 45

* 1Bolt 1)oacriptieki

Typoli-z MIT.-! Thremd

I'OUII 1 - 11b he r

FMI~1eS~rti~10 (IV ?050,00

35 Gl'oun Spl 1qvtJ . 56

-!l AVt No. 81utRuy

IVADC TR 56-3Z6 19?.

A
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TN'NS1ON -TENSION VA11GU.jjET RESULT

107a Preload - Streae Colculalttd. on Tenuile Stress Areai

MaterialMiL.-S-7100
lliiat 220v~~t Z. U000-?40, 000 pael

Thrc,111 ~ ~ Ni FuiIfh1r (1f

Nktt Typtw

(.700 M. 040 41 .4OUL)
qjm ,(II 4. 5vU

10.1300 41i. Aio 0 C. C)00

I I. lot) it 1. oo b. zoo

165. 30(1 3,315,700 8. 219D.coo NF
251. 600

576. ODD
Average 286. 90D 13 353. 0110 ~ 5.

"oýarithimj Mean Life 238. 900
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MECHANICAL PROPERTIES

Datte May 8. 1957 F"w Chart No. 47

Holit Descizvlitln

Miter al PMI5.-S-?IV8

"b41"t S ýrr mklomur

4.i M41. 'Irrnuli.-I i(

MCI 01)( P'J' 0I 0

Zttflut itiey (Ic At'ri

!2k'.-Y stretjlyit ))Olt !4 MxO

Frourndi iloubin bShcar
P5-I

Powitls19. 164

I-at No. 8

WADG Th 58-326 195
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TENSION - frNSJON YFAX19Vt!' WST Rr~1

100" tIo~ stries,, -CIt~l~uI.ted caTnmi tr~mA~

I'l-t 't

l~ui)1J~taalfl IIf.l1

ijf.1,fi ) F

I n't II Otd

1 . out

39.0 lb. s?'t ý. IJULN

1,i~l 104. i ,01I0 0 0 0$ N311

ii~~7. 001' J1j. '*ION
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MECHAWICAL PROPERTIES

Date vece.11er 29, 1957 __ For Chart No. 48

Boll Desctdoglan

Typet stud
Sire' Iiz-Z0

MateialVa...o3vt 1000

S~I~I~d~1 I peS 61ll.Z 'Spnlf(irn~u 3

virf StA MRl.i4h

'4 ~~i 4as )),puiacl

yi~ !,;":t lA v~i 'i47,, 3004 acouf? 0

bh-iw 'Sxe4uth Mt H lt (il'

Ikujds 20.6711
__ ISI(~~nAre4) ______130.000

Lt NoE. 529
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TENSION - TENSION FATIQUE TFST RESULTS.

10% Pvetid~t - Strcsik Cailculard onTextoilet Stress Areai

S I r. 0?314-I( -

I hhtem r Tr'r-impi Z.ODZ00uIn

Thrrd Vi*l 11 117 3

M).m Arpii, !;(p! v 0 'i4 'jtt tOi t

I ~ ~ ~ ~ 0 4IVOhi4I t3k1. IItI, n.'J Lf, COO#o1) 1.4 tell

r~iI9.500I~ M.u~ 40 Iw m~ Z.4'5 44vuH
10 it)4? lingi~ 4y'.OO ZU) 15. tt

110. too ?H, MID90 U.4z' #-ID ni

444.001.100040

Avtr~~~q!90 (JivU licit ,0b.0

Log~rtthnm.M~ . l.fe 'vblud P11-14-11 506.0

175. 90D 545.320 20.14ma-m

5zlIOD 5. zo U. 4G. 00 N



MECHIANICALI PROPEZRTZIES

M~yZO 1Q7For Chaft N.. 49

314-Ir6 hi I. I 'ih~rrah

N~~~tOAt Ill ,;.I 2'

t-tlt* f..'. Avas

Vlttt. .001"j 
I .

12 mm. 110 0.'p Z. 0

4 J.0L~) I1 tllt 
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24 7011 
011

44, AIA 
4 'j10 0S20. 000 p. 4 i

I 01 D 00( NI V

ii .046.000

12.06.00 
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TRSO, EN1l A--k.vJ; TEA HSOT

10,0 Pre~oaid -Stre'ss Cnt-Wtittedt o~n k'envkil Sliacs Are.4

[-d M-9185 -Stud
e , 14-1

Mater I10I1 I II
Hum Tr.al"01 Z0. 000U-440. 000) pa.t I

TtrlA( Form r1r I lwlt me"

!.I ",

o r4c,.0/. !Ii, ,00 pa 0.t

10, o10 f•, .60J 9•.H0 o, ?0o

l,ou hi•..piit Mi 'n 1,3 ilyl ). I4(P 3'1. H5. (ID 'jpi0 . 140

G aI 4G. ti a

A. I .00 40.-'no- .9.700 as, 4 N-

a.1.,000 "0,9.00 8,043,000 IF

1. 340.000|11d1y) 63. l0
785.000 90.,400

70056Z# "700
Avr.*c-0 a,-.To- 69.900 8.043.800D

Lovirithrni Muj..n Life 745.300 60.440 8.043.000

W.MDC TiR 58-326 205



JMEGHIAN1AL PROPER!!±B

Date" __ _____ For Chairt No. 51_and5Z

Boqlt fvnlt Daur au!n-

5 U9.? f4'4. Itt

'0 ao Gunte 48.l it47 4.

PSI (Mean Areak) 130.6000

"LolNo. 49

WADC Tit 511-326
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TENSONy-,n,9ON FATIGUE TEST RESUbTS

1%Picatmd - ittai -Calcufttcd mn Tenzile iraA'e

zf~t W4~kT Stud
im314416 34

.1lcmit Wiecatm~irit Z?.0.00i40.qa 00 P&I .0.4J,0 ~
Thwea Formn Cut LJNP 3A Gowuizd PAI-JD

?I'llar None NO"Z wc

f,.0,l0 0 V 0.000 o-

.StvcVa 100.O00 psi. 140,000 pol

_______ 1.000 9- 4O000
-- 71.000 17. 000

17.000 11. 000
7.000 3.000

boad 37.Z44013,Z0
Strong 60,0#00 pai. 00 R0-o

11.08004,0

14.000 4-0

88,000

WADC TR 58-3a6 208



MaCIX.IIC~AL PAO~lk.TZ3k

a-nlol Veetr~ptlen #(tkt Thre~ad Grouind Tbrectd-

314 -16 314-16
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TENSION - TENSION WAT)IGUE TF3i•T RtLSULTS

t0% Preload -- 5froca CalculAted an Tenuileo kitax Area

Dohirmlt Design

* Mategrial i..-W
lcikt T•a'atmen 20aO 00--240. 00D pit

tASr.,a rcra .(791 .Sr1 Aee Ira hne

p* /m oi,.• rr

* .;'.A ae, r.. o'O,(lt 1ist
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+.++e . 7.}o. +•O ,++ •91 ..000 8t, DD. 0I,, 00 !.F i
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U.-li6 _____11

3.149000

Averae Z,86000 * 8.0010 0

, 00O Innl 11t),000 |,an L0' 000 11au41

WDC. 'U00 11.36100

10.000 ? +1. 010f I. 910 . u

.... 1, 400 +;ý4 om 0.H , ow)

l[ 914 .00 30.000, 000 •m)

i-~~ ....... " -i,8 ). 00"

Wan ;-At 1 . 149
" •1. 99,070Y

SAveageZ, 16. 00 . 000, 000 j

L|oglritlbiic Mean Wle IP 9si. 000 8, •000,, 0•]0

W," DC TRt 58-326 all



MECHANICAL PROPERTIES

Dolt Davc !!lllesn
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